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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce uneveness of a 
current in a light emitting diode(LED) so as to improve 
uniformity of luminance by composing picture element 
structure of NMOS transistors, a capacitor and the LED. 



SOLUTION: Picture element structure 300 is composed 
of five NMOS transistors 310-350, a capacitor 302 and 
an LED 304. A selection line 370 is connected to a gate 
of the transistor 350. and a data line 360 is connected to 
one terminal of the capacitor 302. An auto-zero line 380 
is connected to a gate of the transistor 340, and a VDD 
line 390 is connected to the drains of the transistors 
320, 220. One terminal of the capacitor 302 is connected 
to the source of the transistor 330 and the drains of the 
transistors 340, 350, and the sources of the transistors 
310, 320 are connected to one terminal of the LED 304. 
With this constitution, unevenness of a current can be 
reduced in the LED 304. 
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>S^X^^*5M;?)^«3 3M(ciiSe)Loo, K-o±Mt.m 

[0 0 3 6] HSfCfcOT. iS^5 0 0(i3MC0NMO 
S h^>i^::?.3fNl (5 10) . N2 (5 2 0)-, N3 40 

(5 30), l<@(7)n>7=>-t^-5 0 2. l<iC7)S/3^7h 
=^^5fY7r-K5 4 0, fc.fct>*LED (OLED) 5 50 

(^M^) ^■^'osS.^o mRy^ysi Olih^yi^x^ 

5 3 0(Z)y-h{c^$nTc^So T^-^f^-oseo 

{in>-r>+>-5 0 2(7)-:^(7)^^{Cg^t$^lT^^-5, ^i" 
- h-tfP5^>5 8 0(ih^>i/7.3? 5 2 0(7)^^'- 
^^^tlTl^So ."^JlT^-ri/ (VDD^-CXCj^ffiO 5 

9 0 3 «v h * ^?"'C :t- K 5 4 0 <r>-i5aym-\,zw^ 

[0 0 3 7] n>7=>-y-5 0 200-:^C^iS-?{i (>'-K 50 
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A(CfeoT) h5>i^:P!.$?5 2 0i:D3 0(7)KL/Y>{C 

^■^^nros, i>^>£^;^i?5 3 0(7)v-7.« (y- 

KB{CfcH^T) h^^vX-i'S 1 OcT)^- h(C^^$tL 
Tl^So h^yVy^^^bl 00)Kb'r>(iS5>S/'.7.3f 
5 2 0C7)V-Xi:, i/3^:; h.4r3''-Y:t-K5 4 0(7)— 

[0 0 3 8] ®^^ii5 0 0^. TiSWcfcotC. :/'J5=- 

zfv^^-i/yoi-XA^i^^^miz. znx'hmi^'iy 
(i, ^+1 5Vc7):/9>^<7)miEViLL{c^$*LS. a 

[0 0 3 9] B-7x->C(i^'J^^-i?:7x-XT'& 
S, >'''J5^^-i^{i, :t-h-fe*P (AZ) 9'r>X)'h9 

3 ^^yizi-^tmtt^^ti^o z(7)yx-Xii. 5=-^f 
^-r>;o'u-k-y h i^^juz&ht^n^£t>n^. k 

A B ■&mEE(i h 9 > X 5? N 1 CO K U > 1 1^ 

[0 0 4 0] ^-:7x-Xtt:^-K4fP^x-XT'^ 
•S. <^C{C, .'l^iT^'f >J?>'T-:^{C^*)-5o CC0-7X-X 

T\ i/3>v I>=^r3'''f':t-K5 4 OTi^h^^i^X^'NlCO 

Y\y^yk. T-y.^tir:L^m^yts^^wm^x. n 

l(7):t-hHfpfl:*'S^*'i>. y-KB;!)^h^>s;:;(.3fN 

ICDrnMrni^-Zf^XL E D 5 5 0C0:?->:t>^(C(5 

So 

[004 1] ^H7x-X'{iv^-:J?#^ii*.-7x-Xlr 
^tlS. y-KAiiBtzmsmffi-h^T&V •7=-a'^'f' 

L<-rSo zay^oizLX. h^yPx^Ni(Dmi&m 

mtLEDC03'->:t>amC0Et!j/)'MiE^tLS. 

K B (cfcCf Si|jE7!)<^*>#i ^fc^, fT i izmt^mHy 

'<y^mmLXh^yi^y.^N3^^yizL. 7=-^?^ 

y=-'^mEEAmmizun^ti^o . 

[0 0 4 2] a±> :5fe}CiE^7^5 N9>s;>^.^®^<7)fiJ 

.^.^^l^^-D-Dh. h^>>>'7>^t5[C0'>4'O. 0LED7= 

4'SfiJ,'#.<bLr. 5 h9>i^x3'®^{-(i. pf-h-tfp 
<h -ess. iipg 3 0 0 ^^ii^icfFttj-r-stcji. c:ti«b 2 
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(7) 



\zm^j^ht. ^TFT{il^^fc{iK'>l7^L4♦^^. Vt-o 
[0 0 4 3] mm. ^^n^Z^^T^T-^zT-^h^Jv 

'j7>t. L E Dmmm^ too (r>{mmMmcmmx& 
So zammmmi 0 0 \.t. i2i3(7)iS^^tii3oo{c^ lo 

[0 0 4 4] 'tf3tt>ib. llI3{Cfel\T^ ^-N -if Oft 

^zfV^^-V^-^^)Vt>m 3 {c^-rct;c)(C;*cS4 
zf'yTMMQ.pc^mmz O 0(DJ-h'A\z^X-t^ti^ 

daia;5^ibT'fey, >'-KAtZi±A^tLSm?t{is?: (1) 
CO 04 5] 

[tJcl] 20 
= Qara CVi?/) " K4>> (D 

[0 0 4 6] •^y^-v-s;-7x-x;b'j& 

0 OtC^S^-^^XtbtlfeT^-^^ N3 (3 0 0) CORS«« 
m.. BJ;tj^LED3 0 4C7)^->^>mfftCfefe^tl, 

Cdata^^:^*4=^r^Aiyi'>:2. (l!jlpF) X^h 
OyX. Qi'C%>l 0tr3^7-O> (picocoulomb) MSi: 

[0 0 4 7] B^3 0 075^^^L7!i:^-h-tfPU^;l/{C 30 

Qpc{i:t-h4f03^x-X4'. Nl (3 0 
0) i:LED3 0 4i:$rSoTi5StL-i>c h-b*DrBTRi 

i^y^JVV) \im<^(DX miOns&c) . NllCJi 

^^-B^tgtej&^fey^ I^SI{CLED%>^(7):J'->>i->mS 
[0 0 4 8] fti-r^SC^ti. N 1 L E D §:iiSjE 40 

5i4-tf pii?5^{c*tir^-rsm(D-tfPTO;*-- h -b*pmE=& 

Xs ^i-^mk imiOirjyy^y) 1 30 0 
ilLED ZO^iL^'^-oXmitZLiLOym^^i^-V^ 
pm£Eil:f#«)Ci:7:)<M*Lo, ^-hifprsTPi (-('>^ 

{ili^l 0Aisecmo(7)-C\ Qpc(il*j0. 1 
^-P>^ig«{i-rtrfe-g). -hlBWck^tC. Qpc(i**jl 
0trzi'!7-p>-e;g>-g>o 

[0 0 4 9] 3C0<i:e)fC:^g4Q?c(7)^^i:LT. mm 
oy^-^i^- h •fe'Pm£E;5WiSEEi: 5'->7i->mffi(7>a- 50 



it. ijLhmm^di^- h-iii:inMti^7'4>^ZfU-(±{tiZ 
iOti-oXi^-X^M. ^SlCtt^i^j^Uo -Tifct)*). 

X. z(D%W:iztm-t^zhti'\:!L^ho 

[00 5 0] l^ti^L. hLhQni3^X^\.^a^^f6^<h-f. 
m(D'r-diW±.t.if-V-\iumS.'i(D^(Di.z^^^i\.i> 

-iX^v^p^xm^-t^t. -t^xammcDit-h-^Eu 
MB.ti^M^iZ^mizt^hCD^^jt'h-f. ii*J«E(7);*cS ^ 

t}mmz:i:i{z^ti:h-^mi.ti^^^o n^. ^(T)^:-?^^ 

[0 0 5 1] 3<7)Ppmcm-rsfc4?)^ mmi ooitzf 
v^^-s^Qpr ^mt^X'b^i^imzTi.f^ziif}^iii^ 
-5, ^fd. -t- hifpfticni^tcjej^^-mi^tcj^jLjrQ 

^gfi^-rs. g-r-stc. ig?£i7)pr-h-tfpmEE*^is-r^ 
-s^^^ . ■^-h-\iamm^pm<Dimz^x±if^rz 

sb. Qpct,t^<Dm^N^. mo. 1 trn^?-n>i.4"So 

ii^c7)7i--h-tfP®E/)^;S-rg"Si:, QpcJiH 

[0 0 5 2] llI7€r#BS-r^t, SlgTOOtt, bMO 

NMOS h^>i/X^. Nl (7 10), N2 (7 2 
0) , N3 (7 3 0) . N4 (7 4 0) . N5 (7 5 
0) 3>-5=>it7 0 2 i:. LED (OLED) 70 
4 (^g^) tTi^ib^S. S^^Y>7 7 0{*h^>i^ 
X^7 1 0(7)y-hC^,^^tLTl>-&, 7=-3?^^'>7 

6 0tt=I>f^>-9-7 0 2<7)-:^(7)^^{C^M$tLT^^ 
So -t-h-^n^-Ol 80lth^yi^>i.'^7 40(DY 
-MC^^tlTl^S. VDDv-r^T 9 0(ih9>i; 
X3?7 2 0i:7 5 0(7)KH'>{C^^$nT^^■5o MM 
Tly^f^CDniiCD^f^^'bCO:^-- h -tf P ^-T > 7 8 2 ti h ^ 

7 5 0(7)y- l>^z^i!^^^T^^s, 
[0 0 5 3] :*:^0J{C^3^^■C^ mi(7)ff7!)>'^,(Z):t- h4f P 

9 ^ > -1:^- JIJR^ -r > t -r -g. 3 i: 7i^m*S C i: 

iP^^-iy ^'i^W hL-^^i-fizmo^'a-h^ ^CDii^-hMu^^y 

7 82t:fM-C-^SJ:^43?^$>ytCL-C, ^SWiB 

[0 0 5 4] P>5=>-t'-7 0 2(7)-:^(7)iS^^tt (y-K 
AlCfcC^T) h7>i?X^7 1 pc7)KL/-r>{C^^$tl 
ToSo h^>i^X3'7 1 0(7)V-;x.{i (y-KBtC^J 
l,^T) N^>i?7«^7 2 0, 7 3 0 (7)-!^- S (Z^M^, 
tl, h5>yx^7 4 0<Z)V-7.t3^^$nTUSo h 
5>S^'^3r7 4 0(7)Kb'('>{i (>» - KCtZfci,%T) h 
'yyVT.^l 5 0<^V-:^i: h9>S^>^^7 3 0(7) Kb 
-rviC^M^ilTOSo N9>j>'X3?7 3 0, 

7 2 OOV-XiiL E D 7 0 4 (7)— :^(7)^^^{C^j^$tl 
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[0 0 5 5] mzM:{t^iZ. mmi 0.0 it. h^>S^X 
^fN3 (7 3 0) (7)KU-r>-??^§y-KCCy;5^^ 

-f^msA'fPiD^ti-s ztmut. is^ 3 0 0 izmia-r 

^, MC. [lI8{C:?^-rci:o4'^^<o;^^(7)i5^Y5>y^M 

*;$)^. uTiz. mmi 0 0 C7)im^ 3 yx.-X(7)^m 

[0 0 5 6] B-:7x-X(iHii<7)^Y>3'VA4'> 

B ^^ci/ 3 - h ^ tu iB^ 7 0 0 mo) 

feSrB1^ tt|<7)fT-5-l'>^^'o(7):t-h-tfPV'r>7 8 2_h 

{c<fc^T>'-KC^&Vddfc:;'''J5^-Y-2^-r^. <^:{c. h 

[00 5 7] h^>S^"X^Nl i:N5(7):t>. >1-:7(Z)1§ 

- KC^aA;$tifem?t/)' h ^>i;:;!>^N 3 -StM-C '>»- 
[0 0 5 8] zfV^^-i^y:c-X(rm:. m^nfQpc^y 

-Kc^cfc^^T^ N^>i>":p?.^N3. N4. Nscoy- 

Of F) . ^fc. :/'J^Y-i^rBTPg75V-KC=Srj^l 0 

v_h#$-i±^(7)-e> QpcAtmm ^0. itfni'-n> 

:t-h-^ammizMi-^mMmizj;:^xmttmi^ 

X\ ■t-h-Huy^^-Xayntilzj-h'Cii^i^V-'^-t 

'£>^;!)^i:i^e)3i:<5c:^-e. Qpc^O. 1 tfn-V-nXT) 

jBHuo^r-h-k'DmEA^-r^^^^, n3 

(±SSL, QprJtyi--h-\fny:c-xmht^tX'lzii 
[0 0 5 9] h^y^:^x^Nithib<nnMm$'^^y 

(Dh^yi^X^Nl tl^5it^iZ:^yt^tl^o Nl 



zti-J:^x'&m.mzwuT^-r'hnrz y - k emjEc^t 

mm ( - -tf □ 7^- /)<Pns n^c i: $ (c^ l i- ^ y - k b m 

f±izmmiz^m-ti>, 

[0 0 6 0] ^-t^iZ. iSS7 0 0ii, ®^3 0 0tCit 

^^-sy^^Si^mm-r^, M^imizit. mmiooa)-^ 

■ett. iS^7 0 0(i, 5i--h-fe'D<b*<^<i?i?«>u^ 1 

0 . 000 mmayi'mm^cD^mmizt^tz -Dxm^-'^ 
(DOLE D'mmiT'- ^imjE^^m^-r^z t ^^m^ 

[0 0 6 1] ia9{i, :$^mm(7M(Dmmmx$>i>T^ 

7^ x' h U >y L E D iS^«ig 9 0 0 <7)BSI1 T-fe 

■s. ismitii 9 0 0 {±. II 7 (Dmmm^ 700 tcs^fau 

TO-|>;<)% iM0<7)Vprecharge7'j'> 9 9 2 ^MX. L 

[0 0 6 2] aiJ^B^UfciS^ (2 0 Ox 3 0 0, 7 0 
0) fix Vdd^^-X^J'f-y-i^mS.Xib^CDX'. >4--S4f 

p IUE7^)Wd d ^ S 3 1 7^^*5154 o i: o -9 WRti^^ 
•So U^^J^L, N^>S:^"7.32N2i:N3(Z)l§fimiE7i^S^ 
>i?7.5'a)##WBltC^fcor K U :7 h T F T K 'J 

y hmmtOL E D^-y^ym&<D Y^oyh ^miE-t 

^j^.^zmm-tho ^-h-tfpmff(±. cfcuwi^mfftcpj 

VdA^M<-ttHt. <J:Uii^^^;^--^-k*pmiE&^fiX■TrS 
^tmmztah. 

[0 0 6 3] MIC. )\U-^m(mLm<r>f:L^. Vdd^T 

:t-hifpmff(7)fEia{i5tc$fM$ti-5.o (*^*>5^, 

40 5j--h-fe'pmiE{iVdd=};Ui^i>u^;Uci(M-rSi6J 

[0 0 6 4] l2I9$:#BSf .g,t, 111^7 OOfC, ^- h 
if PmElC*f-r'i)0Ji5a«:4< -etltCJ^oTVdd S:+ 

^ic±!Hl53 <h ^^tgjc-r^5i--:^i> 3 yum^-moL^ 

tLTO^o (1^9 0 0{i. ?IJ^Y>9 9 275SiJ0$tL, 
^^ii'^V^yyVTs^'^ 5 0(7)K^'r>^c^i^^t^-Cl^^ 

a^ii, ®3^7 0 0 iii^Lj-efeSo ^ 

[00 6 5] ^ij^-f >9 9 2(i, DCSEEVpVicharge 
50 3tl^-r^Tc7)?ij^^>(i> 7=>fX^UY<7)i^T'taS^ 



(9) 



15 
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[0 0 6 6] ^Vprechargo^l'>9 9 2(i, ia^<7)S^ 
€>o C:£7)Vprech,-,rge^-l'>{S;*fe, fT^ > L 

[0 0 6 7] H-rStC, :t-h-lfpmE(?)«H=l:Vdd?S: 10 

^i:iff5a)*;&'aBjt-?rS-5. z:(7)EMSr®^7 0 OCo 
_hseiS^2 0 0, 30 0€:^^^ -^netCPItb^OfifeCD 

[0 0 6 8] ±ME^mmmmii. ole dt'-c t^ztv^ 20 

[0 0 6 9] ^^.i-Atl^^^ -1^^-^ K^^^lii. ^ 

<7):5^Mtt Y^^)%X\,X± 1 2 mV(7)miS^^fiJtT'^-g. 30 
ti\ -MK5W'>'^tr(i±5 0mV(7J(fg=S:it^!gT*4 

ms.lztaX^t>n^. 7=- ^$P^i±(7)D c i/^;u-^'^ 

2^xBM^<-rh:^K ^i^izitmimmx. ^:E<DmM 40 

itm-mm.7=-:^izj;:'Dxmm^ti^. m-^x. -^r?^ 
vvwM.<r>-w^Mt^^-^. -^-x^^^^m^ 

[0 0 7 0] BIl OJi, J\\V^yV7.9l 0 2 0$:/M^ 

TT^-tS' K^-r/^i 0 1 oizmm^titc^?%m(DT^9- 
4;b*>. z.<7)umit. mm^'v=-'^^^yizmm0jizm 50 



m^n. m^it±m(Dmm 200, 3oo> 500 feck 

7 0 0 (Z)=k c) h -If □ 7 X - X^W-r ^ESWiS 

[007 1] in 1 0 ^^m-t^ ±iE(Dmm s 0 0 
o L E DwmcDmi^^im'm-t^rzi^mmizTi-o f 

W^'t^fztbCD^a^yzfh • 'yyzf^Wi (chopped ramp 
technique) ^^ffli-^T^-^i K^YAtC J; oTIUld^ 

(slew rate) ^<kmX^m-t h'^mW$> 

mmiz^-Dxmm-^iix^^^^o ■^y-\ivhmMi.t. mm 
^zm^-^tvz\<^^mmzwm^m^iro :t7-fe«vhpji 

xms-CDmrn^htz^to 

[0 0 7 2] :^:||BJ^C^3^^■C^*, iS^;i)^^tlif*(7)rtg[5 

Mffl-r^o s>^(7)^-r>(7)?^^&iiii itc^x-r. 
[0 0 7 3] -r^^^t., 

iS^CD:t- h -b'D :7 X - X^JCenSD^n^ 3C7>*^y^ 

mi^'^>vy5X7'—!i^>(y±izm:^^n^. -r^*?*,, 

^-^"yy-f (data ramp) {imEEi:bK§§{C<J;oT^5?) 

y'ry-^c^mm^mm{tmm(Di^-y:tymmt. 
x-X£7):i:^PBi. im^n^o mmoy-T-^fimmizm 

M^Hx^t. 7'-^:7.^^:f':ty±^yhmMitmm(Dzi 

[0 0 7 4] zammt. ^3yzfh -^yzf^mm-t 

y^am^. WMit. Uz^f^) nv^yVT.^fi^'^y 
\z-^^^tti. y- h imayy^- >^£7)TO-# 

[0 0 7 5] tSoT. cniil^^mtcMjET-^^o 
h<DX. ^(D^^v^V^Mt. =y y ^ ^ IxM^iZ 



(10) 
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i/^izu-^^nri^^mBizji^'Dxm^-^n^o tfp [ooso] HE-r^^ztiz, oLEDoymmut. 

L. i!y^v vwmD'mE^z.i^wmm-t-f'^-r^v k "tum^wzmtrnx^. itm^mitr^ xzfv^^m 

0J<7):5ffi{i^ U l4(D«-5/)HcS [008 1] L;:>^L. -zfu ^^Atc J; ^Ti®^^^^ 

*[?4*WilL E 0-7= 7.-:fV^(iy\fmc^mZ't^\-t-fX 10 tl^W(i, OLE Dm?yfL-e(i4-< N 2 ±c7)y- h®±T- 

^-2>o :LZ.\zmm^f=.-nmh. _hlSl^-r^7&^(7);^--h^f TFT|5afiimEi:*g5:3>y':7^>7> (transcon 

□fbS^SrilfflLT. 7='f;^^L/-('(7)^^lCt>;feo-C ductance) {i^ O L E D<^mme9>'-^^;^-^';0<M-r.&J; 

i^-mz^iL-^fz/^^ca^t^w hMvvamm-^f)'^ o\z. ^^x-^iy-(±mzt>tz^^'p(Dwm¥m-^^ 

mBS^mx^s. M.-t^'sim&^'^^o Mtc. TFTmmm&ii. ole 

[00 7 7] _hfB^5^-e{±. 'T'^T.zfi^^cDmmcD^i^ D^-y:tymmtmmiz. A^yy.uj^7.hvx^{^ 

-^izMm-t^t:iebmmt^zit(DiiiM^m.^(Dmmm Tx-mut^ztfj'^m^x^ho ^-^x. ztii^oyA^ 

ii^ia^LfcTi)^ fm(DT-:fn-^ (mm tLx. n ;<-^{*> m7]'^i^-x:^i). ^mm(7m^(DA^T>t. 

im^mz^^x^i^-^^mjE-t^ztti^iii^So J: mmizfm^^mmx. mm(D±m^iziorz'^xmt-t 

>[HllS§UJBJ-rs„ ^rstc. -t^xoymmiz-Di^X^ 4itmB^'<o^i^-X\ 'r-fT.^u^ay^^izt^fcL-o 

m-^^mm.\^9mh. m^\^tz-^i^-^^mmi.x. xT-i^-mt'^^km^zm-x-t^o 

-7 — ^ (^R{i7=-37«E) CD=5r-VU-:/b-i/3>$:tT [0 0 8 2] *||0Jii, T F T <t: O L E DCOm^y-N^ 

[0 0 7 8] 3(^J:e>{C, OTOD!J^0J{CfeH ^•C(i. 112 E Dm?jft75'S^Tb-f'l*I{C^b-5 J: 9 4':^ffiT'^-5. N 

- 2/ 3 >lHl{g& ±13(7)1®^ 3 0 0. 50 tcMB^-T -S. 

0, 7 00$:#^*-. 3n«btC|5SJb4n\^(7)iBs^^jttC=t [0 0 8 3] 1112 i:llll 2tt, t"- 9 > {CM^iJClB 

:;fu-i/3>lHlgS<h:5&tCct^T^i^-t£tc*tM-rti 30 ft?*U(r^*Jg*J^cc^>H^-c. YDD^-(yi.tm^^^ 

nCj;or7^'(':^^U'r<7)ltX^<!:r'-<;U:7T-i7^r (fill ®3g;0<2fB*fc{i^nj.Xi:(7)l^-rSfiJ-e#VDD^'f' 

-factor) ^ma^it^Z-t^^lUM^^ y^i^^LX. VDD^'{y(D:^^n>^rzt^^lii^ 

[0079] iai2{i. mm2oo(nTv^ m^) ^ iiii2{i, vDD^^yti^'T^xzrvHaymmxm 

msw^x^xmmzru 1 2 o o \^r=m&<mmx m^nr^n v^it^ixtzm^^fr<t. ^mmzfn v ^ 

fe^, III2 $:#Ba-^Si:> ftf^COl^,, ■r'-tJiii. T-^-t^ 1 2 0 OC^Stu-SVOD^-rXT^I^Ji^ l*i:iJ^*< 

:/x'KU^y^X7=^::^^bY-^#ii(cfT4'^on^:^j£ rt;. ■7^'f:^-:/U'i'_h(7)VDD^'<'>(7)^S!j<7)c};o(c# 

t:iif<ia?rrS3:i:{Cd;oT®^<^-f7;&^«tL, -?-tL ^^D^v? 1 2 0 0{i. **J2 4:*:<7)VD D^-O. "T^' 

-^^'f'>(C7=-3'®E$:gnSD-r^:ii:tC.i:oTx 3(7) [0 0 8 4] Ell Sii. ^ T^-^V 4 \ Z I Q li'f ^ 7. 

'i=i<r)^mmz'r-^tm^'Q-tJc^^. y-KAtcm^ ^U'rr2>hP-^l 3 2 0t(7)fflS^i!c7)ISS(lI-??fe 

^^^^Lfe^. mi'y^y^i&.<Wmt^z.iL\z^ -T^'f x::^b'ri 3 1 Oii®[iacDiS^^o»y^ 1 2 0 

or. z:a>ff;5WJ^»'b«¥lS^^*is. zcn^-^nB. Qti^h^^. 7'-r7.:^b'rn> 1 3 2 ott, v 

{i. ?^(7)7L/-A-e3(7)f7*^SJR$n^*T-> DD3> hD-;u^i^^-;H 3 5 0. PJ^^2;^-;i/ 

(cfSTr^tiS, ^^Itf^i^yKz^tVC^^^WAZ^ J-YK 1 3 30. Hi^-am^O)! /0^)%A 7.. mJiA/D 

ti^<^%''>(r>mM')-'J(lMW&Ji''-S>^(r)X. ^iSS4'b 3>y^-^^. iS^y'^^^-^S:f*i?-r^7^«?)CD^^'J 

^''£>5li.c4'^;i^*;^n4Hv 114'(7)«fm. mffl^Tfc [0 0 8 5] immifuv '7\%. 1112. 13{Ox>1-ck 

*tM-rsfc«?)c7). ziyy'y^omm^m^m-o hts^ 50 e)(c. ■7=-fx^b'r<7)«icfci>TTOi^> (vdd/s 
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ENSE) 12 1 Of-gi^^tiTi ^s, m.-^ay'T -x-zT 

b:*>12 10(i, •7=^7.:/b'-Y3> hD-^1 3 2 0(C 
fcUxT^ — *f(7)P^^>:?.;bh-7>i?>^3'Pl (13 5 
2) iiP2 (1 3 3 2) nj:tfMMt^mmi3 3AlZ 

-=yti^h(r> I L L UM I NAT Eff-^^^P 1 ^\'mt:'± 
rVDD/'SENSEtf>^VddS?®}C^i!-rS. ftH 
e^4'*SgSi^(CfcOT, P 1 &ii.5>^gS{*|i*IlmA/'?IJ 

[008 6] TFTi:OLEDC0.''^9^-^$:MiE-r'5) 

Stf^^iK^-rSfe«?)> MEASUREfi^^ryt-LT^ 

Wtm?rL^^[HlJS& 1 3 3 4 ^tm^^h. iK«$tL:t-ff 

?&iiii-r ^<7){cji ufc5=- ^mE(7)ftmfccb u'pstc^ 

[0 0 8 7] MtC^{*S^tC{i, n^(Dmm(7)W]^lt4^ 

m^^-^mm (&mt-i£naT) ^wm-t^^tiz^ 

(D^im^- ^mj±.izm\:>xwm^ti^. ^re-f-^' 
A\ m.'^(D-:^&x-mmizmn^ri. ^r-^h'^-fAm^ 

iZ^-DX^-iSif)fDATA^^yizmQ^tl. fTTi'— O 

-r-omm^ti^o zo^oizhx. "r^cxzfv^im^ 

(TmM-yuv'7\zmm-^^^(Dx. ^mm-juv^^cd 
'>^^<h\)im(mm^-ty\z-t^:LiL\z^'z>x. 

[0 0 8 8] ^mm^uv ^n(mfmm.zi.'::>x%\i^ 

m^t\.fdmfd%. I LLUMI NATE^-r^itMEA 
SURE^-r^:!:. VDD/SENSEtf>l 2 1 O'fe 
V D D«2lS;b^ li^3!J U grr i: tr> -1: P 2 Ma •?? 

msl^lilSSi 3 3 A(n^y:rv Y\zW^-^^V-r<^Mz 
Wmyt^Z.k.\z^'^X^^1i-h P 2 (cJSOTPJ^^ti 
i>. iii^}5ftttl4-tr\L 1 O^^At^S^ti^, 

^[Hi]e& 1 3 3 4 {in 1 3 tctis-r > tf- ^yyt^m^mt 
Lxfr.Lx&^ti\ mm.mamm^«ii<mmxmmt^ 

(.■f^mi^izbtmi^tcmK^tatimizm^ir^. zoym-^ 

^tLTttfffBii, 1 3 4 0 {CcfcoTiK*^ 

^mj±(7)=iF^o-^v-y3ymiz^n^ti^, mm.mm 
miss 1 3 3 4 p^oymimmi i ^;^j^-A-e^So 
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[0 0 8 9] mncTyWijitmu^^ 1 3 3 4 /)<ig^-yp -y 
(multi-plexer. ^m^) ^{^ffl-Tnjf, mJstf^^DlHlSS 

SENSE tr> ^m-(Dwmmmm 1334 ic^sfh 
±^^x-:fiy-fmizm^-ri,zt/)^iii^^^ vodzs 

ENSEtr>^S:c:<7)J;e>{C^|sia&{C#Sfb-r-S>i:, ^ 

[0 0 9 0] mmmm.'^f-^i^ju^'ijfdtotz^izii. 

> y H ^a{i 4' 4n ^. iS^y ■^■5 ^ - :$? ^ tcE-fb 

•th(DX\ ^'m.(mm^m^\zmm.r^'Zmtfji<. m] 

^ Mt^mmi'ZibfcL'DX-^Wct^Ztfj^Bi^ho 

[0 0 9 1] ^^xcr>mm^mmzmm.-th-i^mt^^\^ 
t,\ mm \,zm'5<y^i^~^^m^-i^t- 

mzkt. wimmWi'^-mmx^^. ^^it*. 'T^:x-:fv-( 
^i7a.-;i/7i< r:t>j r:f7j $tL.&^S, "T^ 

xamm ^'^izmrn-t ^zh\z^^ xmjmm.x^ 

$:«IiEL4H^;!)^%>^tL4^^i:^^-^)^*;:)^fe•g>, L/^)^L. 
4^iffU4H ^m^l^;^TO^ig■?:•^>t^« miXiiX^ V-y 
•fe'f'y■\-^-K{cfe^r^-c) > •7"'f:5;:/L/-i';5' (n-if- 

hztin^-^mx^h. 

[0 0 9 2] h\^hmmmmm.mm'^mxs:>ii\i. 
RiMajE^fti: o L E D ^ - >pr>mEMJc»-rs 

fed*. 5=-^mc0MiEig:tT4e)r<b^^m*-g)o 

hzt(Dm^h^m(7)-^m^KiTiztm-tho zti'ba) 
i.^<-DMiiz^^^T^i^-^(D!^Mt)^&-DX^. n-tm 

[0 0 9 3] Z(DmS.-hm-kmmthf:Lm. "r^-XZfV 

■i\z\-m2ammm^^^m^h^(nh.m^-tho \^ts^ 
[0 0 9 4] m2^^-m-tht. j-h^Aizim^titz 

mJ£iil<i2(DY-h'SEtX&^J. SfoTN 2 i:LEDi: 



(12) 
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±(dy- hmmt LED ^m^mm.t(7)mi^.^^mt 
ho y-hmiEVg(i, aT<7)^ (2) <m^z. mo 

y-S^V-XlHVg.i:. L E D =&^<?JSm£EV 
d i od (7)- o{C:^^fiJ-r ^ d i: Ti^Hi^fe^., 
CO 0 9 5] 



22 



■7? 
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(4) 



"^8 



= K 



'diode 



(2) 



10 



CO 0 9 6] IS^am^c7)M0S Kv>i^X^t7)Kbf'> 

wmmfay^ (3) -^^ns. 

CO 0 9 7] 

2 



CO 1 0 0] O L E D ^3iSHtr(°lSmJ5S{iiaT(7)^ 

(5) -e^^n^o 

CO 1 0 1] 
C®t53 

7 = >IV^^» ^ (5) 

diode 

CO 10 2] Atmit^nX'^h (Burrows 

(D J. Appl. Phys. 79(1996) #BB) . t^oT. aTO^ 

(6) timhtih. 

CO 1 0 3] 
CM6] 



(3) 



CO 0 9 8] Jictr, k{i-T'/^-Y;z.c7)^g53>^f^3?> 
J3{-tSfFl&{iTie#M) o t?eoT, OTC7)SSi (4) im 20 
CO 0 9 9] 

Cl^4] * 



diode 



■ n 



(6) 



[0 104] fieoT. y-hmssi:3fY7i--Km»^i:o 

ik^mrmii. KkToy^ (7) -^^ti^. 
CO 1 0 5j 

mil 



/2J "'/T 



(7) 



CO 10 6] oLEDoyi-v^ifm^m-rrzsb. ^cdm 

[0 10 7] OLE Doymmni. ^aymm. i tcfjtat 
oi^i-T&^o mfiTcet^^tL/iOLEDmsft^^^^ 

<^ mffVg$:<£fflLT^P'9'9A^*l-Cl^-g). 40- 
^ho 0LED/-^9^-^A{i. 0LED(7)^->pt> 



msh^mjE-firizY-hmm^-:fn^^A-tht. 

[0 10 8] m^AZ. W-14(7)MH«fte{C^^S, 

j-:^Tc7)5^ (8) xm-. 

CO 10 9] 



BV, 



dava 



V, 



o 



(8) 



CO 110] BtVo(i^-*im'!f')'>t^i: 
(7) it (8) $:ia*^^t>-H-TM-r-5i:aT<7)^ 

(9) ^jmibtih. 

CO 1 1 1] 
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CO 1 1 2] ZZX\ 



'daza 



(9) 



CO 1 1 3] :$imm. Voff, C, D. fcckl^mtZ)^^ 

off. D. feJ:t;m(CP*1LTil']^^ti7ttt$g^i$ffl 
LEDmgfE?:6f^-r^fc«?), ^ (9) {CSEoTigiSJ^'T^ 

Voff. C. fcckO'mfeiEfiiCsl^-rSCifi. 3 
[0 115] fif*L^^llm^tCfctr^T. _hie(7) J; e> (C 



nzttLxithmzmi.^i(7)m^x$>^, mxit. 
10 1 oomizmiia^-^tht. c-f mi omizf£ht}K d 

""nTH* (m-Srl OtK^-r-gxh) 1. 5 8^{cL/;b^4* 

'b'fco, -r^'*^*). wM<7),mjMmu^Mzisi.^xit. 

O L E D<7) I - Vftif«(iT F T<7) I - Vgs ftf^J: 
[0 116] (igoT^ ^^7)«SS^/<;Ucfc^^T, D" " 

^iitm^izMbxmLX'$>^). 't(7Mm:::t<Dmmit 
miz—Doy^y-ky hm^thxmm'^mx&^ti.^^ 

tii3f5^o fie^r. (9) ^itaTff)^ (i o) c^^mcfi 

[0 117] 

mi 0] 



= K 



offset: ■* 



[0 118] :LZX\ Voffsei = Voff ■ 

I itD^^r I Voffset i:c«B^llr^:^c^K^r 
So 

[0 119] m 4{i, ^iS^<7)7-^^^-^(7)S'j^tCj; 

oTT^-rx^^u-r^Slim-r-s:^?*! 4 0 0<7):7n-^ 
^-h-e^-g>. :^&1 4 0 0{i. ^7^<v:/l 4 0 5?:?^^ 
$&*'J. ::^7=-^y^i 4 i Olz'M^. "tzx. mm-zfu^y 

^f^cDM^t-r^mmi^MUD-t^xcDmmi'Z, ^-^^i 

[0 12 0] 7.^v:n 4 2 0 {Cfcl,%T> M^t-t^^ 

^c7)iS^c7)Voffseti:C^^«?)^fc«?), ::^?fei 400(i 

-0(7)5^-i>miE (Vli:V2) iWML. ^"r-din. 
[0 12 1] X5^-;:/l 4 SOlCfcl^T, 1 <hl 

[0 12 2] Xt-VZTI AAO\,Z^\,\X. Voffseti:C 

<7)jjt5?)iitx7:i Voff. set i:CiS:iBiii^a, mx^t^^^o- 

b F*ico^iS^lcoi ^T— ocoy^^ ^ - 3? Vo f f s e I i: C 
i:$r^S^?Lr^^■5. Zix^oMit. ^{C5t (10) 



(10) 

^wi:/()'a55l5^, :^j£l 4 0 0{*;^{CX-7^'V:/1 4 5 5 
30 (CfcHNTHT-r^o 

[0 12 3] TO^a^iS^=&jism?m. D»V~I;!)< 

^msizis^^xn^dtoztiz^-Dxm&^-^msztfj^ 

[0 12 4] 'f^7.^l^-((DWmit^^n^^tJtl^t. y= 
■< 7.-:fl^^^i/=L-MZim^tir^^(7)Xtl\i^:t7=- 

40 ^^mjE-t^zt/j^mm^o xts\f:'ritr7^-^\t.. mx. 
It (1) mmmm. (2) ^y-^mm^titzmmmm. 

^•ri>zt^^tii^hztiziiu:r^^xib^. u^x. 
[0 12 5] mi 5{i, mmm±^mirxtib:.y':^y'- 

^OMsEUmi 5 0 0(7)7 P-^^r-h-e&S, 

5 0 0{i, :^7^^y:fi 5 0 5/)^tb$&*y. 7.7^^y^i 5 

50 1 o^m^. ^zxMMmmizmLx^m^nfzA^:^ 
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[0 12 6] Xir^/:/l. 5 2 OfC^jl^T. 500 
m^imtl OSVy-f A-?rfeSo A*t*-7^:t7=-:?;5^-7= 

#P^{C•O^^TVcffset = Votf + C^I 

mit. t*5=:t7^-^Vdata;t)mc-^<7){^l/ColC 

o^xti M^i^^- ^tc (7)'im\ ^istc-r •& ^ 1 1> 

Vo f f s e t (7).-tJ^D*:/)^fT4'*5tl-g)o 
[0 12 7] XT^^y:/! 5 3 O^CfcH^T^ »*btl7^li]E 

V.J a t a . -r 4**:>*>f^JE * ttPM^ nr^xti^- ^ it. 
wmTV^iayr—^ Y'7^)\\zm}hic\.^. -nmi s o o 
{tmzT.'rv^i 5 3 

[0 12 8] *->VMjE^n7:c)!WS5=-3'(7)»^, A;f3 

■^^Ux o L E D»]^(i^(7)m»Kfcifc^j-rs(^ 
ai5i5^, t«£oT, %\'mt%\zmm^f=M\ji^-7'^v hm 
[0 1 2 93 HI 6{i. wm^u. •tt^ti-^nu^m- 

XtiM'ri^^-^a^WL-nm 1 6 0 0(7)7P-^-V- h 
-efeSo :^?£l 6 0 0«, Tcrvzfl 6 0 530^tbiE&^ . 

::2.^>v-:/'i 6 1 otciia. ^z:-es'J^$n7^SM0 

fe{i4'«p4^ociia^H*, _hiB<7):^^l 5 0 0^:^1:;-?? 

_hsE<7)J:e>{c, :i(DmM-\t. Ml A\Zn-<t^o 

[0 13 0] mz^-i^Mm:^9-v:fi 6 i 04h^l i 
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6 4 6 3 O^C^Dl ^T.7v:^;■7=-3?^CC^ 

sb^ztvmit. ±iB(r>umi 5 0 0i:l^-TfeSo 

[0 13 1] SliC7)^S6*J^fCfcl ^T. _hsECO 

ck o (c 2 fiSfeii 4Mc7);-\9 ^ - 3^ < , l (Hct)* 
co/'^^ >^ - 3? U TS^C7)^*^-!f#1± ^mtzt^' 

[0 13 2] mzM^tmizit. 3r<a)m^. mm^to) 
10 >f-(ymLC(m.mit'b-^<. Von^^.i(D^if^i^-^ 

[0 13 3] 3c7)#-/-^-5^-3?^ffi(i> _hI2<7)^-h 

m.^t^mti^mi,xh. _hiE(7)2M*>t{i4{i/-^5^- 

[0 13 4] 3^-^%;. #-/'^^^-3'»aii:-7=-^M 
tt, hr-7=:t'x-3?;!)', (1) iS^miE. (2) iii^m 

*Jckt>' (3) ay^miE^^tcMmmm. ^^.-tm 

30 ^ic, T'^T.zfi^^cTy^m^ttii^yi-T'-^^aymmizm 

[0 13 5] dl 7{*. ±iS^<7)>'-^^pl-3'(7)iaimzJ: 

:5}£i 7 0 0{*. ;;?.5^-/:/i 7 0 s/j^Jbit&^o-cxT^^y 
7 1 o^il*^. -e^-e, iS^::^P^y^i*}<7)*f*iS^ 

mizm-thVoffsei i^c^Msb^r^eb. ysmn oo 
it. 2mayT—^ws. (vii:v2) i&PnsDL, 

[0 13 6] 7.7^^y:/l 7 3 0!CfcUT> -BiJitl 1^1 

[0 13 7] c<rmii^xts>^t.^A.h*)^h(r>x. -e 

ntissfiutcii^ "T^-^-z^vA ^(7)iimcommx 2 
^=&f74 9 3 ^ (- =t o *($?)f#s ztizriE -r^&x 

i^a)X. Kia^%-rS7i>*;Ltl40o Sf-3Tr2.'#,a'l^ 
50 [0 13 8] 7.7^yZfl 7 4 0{Ci3l C(7>¥*5ffi;0« 
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[0 13 9] :x7^y:fi 1 5 otc^soT, ^mm(nm^ 

[0 14 0] ft^}CX7^>v:^l 7 6 0(CfcoT> #iB^ 
(DVo f f e I ;^)'IBti^a. ^R(i^ ^ U - izim^ix^o 

mz. umiio o{iX7^-v:/i 7 6 5^cfc^^^Tll7■r 
[0 14 1] Hi 8(*. mmmj±i:m-txti\:i7'-ty'- 

8 0 0{*. yi^T^yZfl 805t)-^iotl^t.iJ. •X7-V^\?> 
1 0^ii,2<i, ^:iT% *t*S^CCB9LT«??^*it:i^-5> 

^ - 3? Vo f f s e t U tB-To 
[0 14 2] ZKt-VZ^I 8 2 0{cauT, :^&1 800 

tt. {S??^t^7tVoffsetC7){fi{cS^^^T^ ^S^CM-r 

•SYdata = Voffsel + Vdata (Di&iltfW-'t 

[0 14 3] XT-VZfl 8 3 0{Cfe^^T. f#'btl;'cV 

data, -r^^^-^MiE^nfc. ife(iiss^nfeA;'j7=- 

0 Oli^iZ, 7.7-VZf\ 8 3 5iC^>^^T«l7•r-5o 
[0 14 4] 01 9 {i. t'7'5f7=-^7!)WSmSK&«^ 

t'c^JiCMi-^rfeS^W/-^^^ - ^(mmz^;: ^5=^ 
U'-YiO^^JS^fb:^-^! 9 0 0C7)^p-^-Y-hT-fe-&o -15 
j£ 1 9 0 0 (±iiiE:^!£ 1 7 0 0 tC^^L ±18:5 

^1 7 0 0 i:(^)|gii{*. :5^i 9 0 ^imJim-xf-v^ 

1 9 5 0 S:^U AtLTBt»:^tl7^Cc7>^i^M^ffifflb 

(rymzxt^^f:Li^(r>^y'rv^7.h\^x^mhx. ■fi'!? 

[0 14 5] 02 o{±. m^^. -t^Aio^m^^-t 
xti\L7'-^^-^(jms.-nm2 o o o<7)-7n-^^- h * 

[0 15 2] c (I) {iiont^P^gifc-c-fe-So 
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*T-S)i>, ^ffi2 0 0 0v'i. 7,-T->v:/2 0 0 5/)^ii<!§^ 

[0 14 6] 7.^v:f2 0 2 0Jcfcn>T. ifn • a-y-^z. 

5^^y^2 0 3 0(Ci5O-C> CW-tfD • :t7-fe^y hy"-^ 
nS.^. liai^tLfeVorr.sei{CjDX.-&o ft^tC. Xt^^V 
^2 0 4 0^Cfct^T, MiE*7^(iMStl/rA;t?k:7=.^ 

[0 14 7] fv^^T'-^/i^^^^X^b'f^ 

i?^tL-Cc^Sffii^7e-7-b^y h^±*p • :t:7-fe^y hmJ±(- 

m2 0 0 0ltmzy.^^yzf2 0 4 5 {CfetxT^IT-r-S. 
[0 14 8] 132 1 {i, t'^:t7^-^?*^:^'>vMiE^tL 

tzmmy"- ^ ^^■tmnzm-t^±mm(7)A^ ^-^(d 
W}mzj:^7'^y.-:f\^^(7)iamujm2 1 ooco^p- 

^^-hX'&^o -^2 1 0 Ofi, _hie:5J*i 9 0 0(C 

^«Ur^^■g.c yjm2 100 t±sE-yj&l 9 00 t(7)^S 
'X'TV:f2 1 5 0(CfcU^T^ ft^^tL/LCcT)^ 

^m.\zmm-^. 

[0 14 9] 02 2(*, ^y-7mE^t\.tzmmfr--^-k 
^'tXti\£'r^'r-^cn>mL-nm2 200 60-7 D-^Y 
- hT-&-5>. :&?£2 2 0 Ott. _hie:^j£2 0 0 0 \zmX 
UT^^-&, ±iB:5^2 0 0 0 Vdata*t>ri 

StC, Ao-C<-5>tfT^?t-7=-3'^&{^fflLT-fe*D • :t:7-fe 
[0 15 0] ±l5HJi0^lCfcl OLEDMh^i/i; 

xa'N 2/)^*^?□m6>-e^'Ft^!■r-&*;C7)i:I.4'UT^^-l.o n 
(iaTcos^ (11) -e^sn-So 

[0 15 1] 

B^i 1] 

+ D:fr (11) 

fi. -^Y^i^C (I) ;&qFl^-4*0LED>'^9^-^ 
Ai:mi&^t.W?r. ±Sd.(Dm^oM'^izm'rSM^-A'7 



(16) 
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30 



[0 15 3] 12 2 3 tt. ^mmo^mn<DT^7-^-:f^h 

'jv'^:^LEDmmm^3oo. 5 0 0. tr^iti 0 0 

^mx.tz'r^XZfly-f 2 3 2 0 *^fflLfei>XxA2 3 
2 3 2 0tf)''^^^o 

[0 154] g(CAtt:fl^{C{±. 'r^7.-:fiy4:nyhn-- 10 

4>5^S^MCPU (2 3 12) . ^^U-2 3 
14, t5j;:ZfmL0)l/0^m (PRtSV^/X, ^-^ 

DziyA-'^^ ±Mi(DW!t^=i:i^=j.-)Ul 3 3 0 4^i:(^# 
S^i;:x-;i/) %:mi-^m.mziy\:^a.-i^ t-r^ztt)^ 
m^-g). 7='f >(>-;''u>f 2 3 2 0 $rfti&$-&-2>)t«?)(^y:7 
Nr^xT^^ (m{i±f5a^c7):^?£) {i, mtiiaiS 
j^f*:75^ii^^ U-2 3 1 4^0- KL, CPU23 12 

[0 15 5] t'^'>?>:/U^2 3 2 0{i, @^-r>^--7 

xd':^2 3 2 2 um(7)mm mmmms 00.50 
0, *fei*7oo) ti)^io^:ho mm^y^-yji^yt, 

2 3 2 2{iiS^3 0 0, 5 0 0, *fe{i7 0 0(7)iM&iC 
■j^^^d:^Bim^-^t.\ iS^^:/3?-:7x^;?.2 3 

2 2 {±, m 1 L fccfc O 4' V h U ^ • T K b 'V 
^-^^ 'f'>i5?-37x>('Xi:-rsci:;!)<ai3K, ^fc, rt::^ 

iy 3 > <h TiiiDOJisStTMi-^^ Y y/wm'y ^ > 

t;z:i:;i^m3l5So 30 
[0 15 6] eeoT, i/:;?.5^A2 3 0 0{i, 

•5=-r.::^>-:/b-j'3> hP-52 3 1 Ofi, v-Y-^'nn 
>Sp-^i:I^T, *fe{*1$^iicomi*[E]S& (A SI 
C) tUr, */c(i/\-K'^7xT^V7 h-i^xT^^i: 

^7^A2 3 0 0(i, *^H^^^A.^;*:S4*S/>f>5^A|^ 

CO 1 5 7] *^B^$:, NMos h^yi^y.^^mmt 

fePMOS h5>^7.^!&<^fflLT^I|il^t|-??fe-5. 
CO 1 5 8] Ri:, :*:^0^(Z)ffi>!?(7)Sim^-&:4=«S 

izfjk L ti-^mmizmmLr:it}\ ^mMcomm ^mx^d^v % 

CO 1 5 9] 

CHI] '7V0v'p-xr\^vviyy^^y^-v:i^^7. 

COZ/Uy^m 50 



CI13] :^3m(DT^'r^Zf'7h'J^y^y.LEDmmm 

[04] ll3(7)T'^7^^:;^x'hU-:yd7XL.EDB^«it . 

[[15] *%B^c^f^llSSSg«(7)T^5^^^-7hU^y^ 
L E DB^fl|iiC08&ll! 

ms] micDT^y^^zf^h'jv^z^LEDmmmm. 
yt.-LEDmmmm.(7ys&m 

Cmi 1] mi OCOT^T-^Zf-^hVv^y.'LEDm^ 

mi 2] mmriy^^ms^Lxmmzfny^ti^ 

[11113] :7.-:fu-{ Lr'^xzfi^-fziyhu-^t 

[01 4] ±mm(^^'^'y ^-^(Dm'^iZ.}:-:>X7^^ yi^Zf 

[015] mmmm^m-rxtjT'-^cDmjEijmcDyu 

[01 6] S«^-r4^^^*>)Sg'Sr«-rA;t>H*7=:t7^- 
dKD^JEyjmoyyn—^-^— h 

mi 7] t'7'>r5=-^/)^Ts^mE^*-r*#a-, 
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ACTIVE MATRIX LIGHT EMITTING DIODE PIXEL STRUCTURE 
AND CONCOMITANT IVIETHOD 

This application claims the benefit of U.S. Provisional Application 
5 No. 60/060, 386 filed Septamber 29, 1997, and U.S. ProWsional Application 
No. 60/060, 387 filed September 29, 1997, wiiich are herein incorporated by 
reference. 

The invention relates to an active matrix light emitting diode pixel 
structure. More particularly, the invention relates to a pixel structure that 
improves brightness uniformity by reducing current nonuniformities in a 
light-emitting diode of the pixel structure and method of operating said 
active matrix light emitting diode pixel structure. 

BACKGROUND OF THE DISCLOSURE 
Matrix displays are well known in the art, where pixels are 
illuminated using matrix addressing as illustrated in FIG. 1. A typical 
display 100 comprises a plurality of picture or display elements (pixels) 160 
that are arranged in rows and coliunns. The display incorporates a colzimn 
data generator 110 and a row select generator 120. In operation, each row 
is sequentially acdvated via row line 130, where the corresponding pixels 
are activated using the corresponding colximn Unas 140. In a passive matrix 
display, each row of pixels is illuminated sequentially one by one, whereas 
in an active matrix display, each row of pixels is first loaded with data 
25 sequentially. Namely, each row in the passive matrix display is only 

"active" for a fraction of the total frame time, whereas each row in the active 
matrix display can be set to be "active * for the entire total frame time. 

With the proliferation in the use of portable displays, e.g., in a laptop 
computer, various display technologies have been employed, e.g., liquid 
3C cr>'stal display (LCD) and light-emitting diode (LED) display. Generally, an 
important criticality in portable displays is the ability to conserve power. 
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thereby extending the "on time" of a portable system that employs such 
display. 

In a LCD, a backlight is on for the entire duration in which the 
display is in use. Namely, all pixels in a LCD are illuminated, where a 
5 "dark" pixel is achieved by causing a polarized layer to block the 
illxmiination through that pixel. La contrast, a LED display only 
illuminates those pixels that are activated, thereby conserving power by not 
having to illuminate dark pixels. 

FIG. 2 illustrates a prior art active matrix LED pixel structure 200 
10 having two NMOS transistors Nl and N2. In such pixel structtire, the data 
(a voltage) is initially stored in the capacitor C by activating transistor Nl 
and then activating "drive transistor" N2 to illuminate the LED. Although 
a display that employs the pixel structure 200 can reduce power 
consumption, such pixel structure exhibits nonuniformity in intensity level 
15 arising from several sources. 

First, it has been observed that the brightness of the LED is 
proportional to the cimrent passing through the LED. With use, the 
threshold voltage of the "drive transistor" N2 may drift, thereby causing a 
change in the current passing through the LED. This varying current 
!0 contributes to the nonuniformity in the intensity of the display. 

Second, another contribution to the nonxmiformity in intensity of the 
display can be foxmd in the manufacturing of the "drive transistor" N2. In 
some cases, the "drive transistor" N2 is manufactured from a material that 
is difficult to ensure initial threshold voltage uniformity of the transistors 
5 such that variations exist from pixel to pixel. 

Third, LED electrical parameters may also exhibit nonuniformity. 
For example, it is expected that OLED (organic light-emitting diode) turn- 
on voltages may increase xinder bias-temperature stress conditions. 
Therefore, a need exists in the art for a pixel structure and 
) concomitant method that reduces current nonuniformities due to threshold 
voltage variations in a *drive transistor" of the pixel structure. 



(28) 



1#^¥11-219146 



-3- 

SuMMARY OF THE INVENTION 
The present invention incorporates a LED (or an OLED) pixel 
structure and method that improve brightness uniformity by reducinir 
current nonuniformities in a light-emitting diode of the pixel structtare. In 
5 one embodiment, a pixel struct-ore having five transistors is disclosed. In an 
alternate embodiment, a pLxel structure having three transistors and a 
diode is disclosed. In yet another alternate embodiment, a different pixel 
structure having five transistors is disclosed. In yet another alternate 
embodiment, an additional line is provided to extend the autozeroing 
10 voltage range. Finally, an external measuring module and various external 
measuring methods are disclosed to measure pixel parameters that are then 
used to adjust input pixel data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 The teachings of the present invention can be readily understood by 

considering the following detailed description in conjunction with the 
accompanying drawings, in which: 

FIG. 1 depicts a block diagram of a matrix addressing interface; 
FIG. 2 depicts a schematic diagram of a prior art active matrix LED 
20 pixel structure; 

FIG. 3 depicts a schematic diagram of an active matrix LED pixel 
structure of the present invention; 

FIG. 4 depicts a timing diagram for active matrix LED pixel structure 
of FIG. 3; 

25 FIG. 5 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pLxel structure of the present invention; 

FIG. 6 depicts a tinaing diagram for active matrix LED pixel structure 
of FIG. 5; 

FIG. 7 depicts a schematic diagram of an alternate embodiment of an 
10 active matrix LED pixel structure of the present invention; 

FIG. 8 depicts a timing diagram for active matrix LED pixel structure 
of FIG. 7; 
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FIG. 9 depicts a schemacic diagram of an alternate embodiment of an 
active matrix LED pixel structure of the present invention; 

PIG. 10 depicts a schematic diagram of an alternate enibodiment of 
an active matrix LED pixel structure of the present invention; 
5 FIG. II depicts a timing diagram for active matrix LED pixel 

structure of FIG. 10; 

FIG. 12 iUustrates a schematic diagram of an array of pixels 
interconnected into a pixel block; 

FIG. 13 is a schematic diagram illustrating the interconnection 
10 between a display and a display controller; 

FIG. 14 illustrates a flowchart of a method for initializing the display 
by measuLiing the parameters of all the pixels; 

FIG. 15 illustrates a flowchart of a method for correcting input data 
representing pixel voltages; 
15 FIG. 16 illustrates a flowchart of a method for correcting input video 

data representing pixel currents, i.e.» luminances; 

FIG. 17 illustrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels where the video data 
represent pixel voltage; 
0 FIG. 18 illustrates a flowchart of a method for correcting input video 

data representing pixel voltages; 

FIG. 19 illustrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels for the situation where the 
video data represents pixel currents; 
5 FIG. 20 illustrates a flowchart of a method for correcting input video 

data represented in pixel currents, i.e., lunoinances; 

FIG. 21 illustrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels for the situation where the 
video data represents gamma-corrected luminance data; 
> FIG. 22 illustrates a flowchart of a method for correcting input video 

data represented in gamma-corrected luminance data; and 
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FIG. 23 depicts a block diagram of a system empIo3ring a display 
having a plurality of active matrix LED pixel structures of the present 
invention. 

To facilitate understanding, identical reference numerals have been 
5 used, where possible, to designate identical elements that are common to 
the figures. 
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DETAILED DESCRIPTION- 
FIG. 3 depicts a schematic diagram of an active matrix LED pixel 
structure 300 of the present invention. In the preferred embodiment, the 
active matrix LED pLxel structure is implemented using thin film 
5 transistors (TFTs), e.g., transistors manufactured using poly-silicon or 
amorphous silicon. Similarly, in the preferred embodiment, the active 
matrix LED pixel structure incorporates an organic light-emitting diode 
(OLED), Although the present pixel structure is implemented using thin 
Sim transistors and an organic hght-emitting diode, it should be imderstood 
10 that the present invention can be implemented using other types of 
transistors and light emitting diodes. 

The present pixel structure 300 provides a uniform current drive in 
the presence of a large transistor threshold voltage (V^) ncnuniformity and 
OLED turn-on voltage nonuniformity. In other words, it is desirable to 
15 maintain a uniform current through the OLEDs, thereby ensuring 
uniformity in the intensity of the display. 

Referring to FIG. 3, pixel structure 300 comprises five NMOS 
transistors Nl (310), N2 (320), N3 (330), N4 (340) and N5 (350), a capacitor 
302 and a LED (OLED) (Hght element) 304 (Hght element). A Select line 
^0 370 is coupled to the gate of transistor 350. A Data line 360 is coupled to 
one terminal of the capacitor 302. An Autozero line 380 is coupled to the 
gate of transistor 340. A VDD line 390 is coupled to the drain of transistors 
320 and 330. An Autozero line 382 from a previous row in the pixel array is 
coupled to the gate of transistor 330. 
5 It should be noted that Autozero line 382 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 
pixel is such that the Autozero line 382 from a previous row can be exploited 
without the need of a second Select line, thereby reducing complexity and 
cost of the present pixel. 
0 One terminal of the capacitor 302 is coupled (at node A) to the source 

of transistor 330 and to the drain of transistors 340 and 350. The source of 
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transistor 350 is coupled (at node B) to the gate of transistors 3 L0 and 320. 
The drain of transistor 310 is coupled to the source of transistor 340. 
Finally, the source of transistors 310 and 320 are coupled to one terminal of 
the LED 304. 

5 As discussed above, driving an organic LED display is challenging in 

light of the various nonuniformities. The present invention is an 
architectxire for an organic LED display that addresses these criticalities. 
Namely, each LED pixel is driven in a manner that is insensitive to 
variations in the LED tum-on voltage, as well as to variations in the TFT 
10 threshold voltages. Namely, the present pixel is able to determine an offset 
voltage parameter using an autozeroing method that is used to account for 
these variations in the LED tum-on voltage, and the TFT threshold 
voltages. 

Furthermore, data is provided to each pixel as a data voltage in a 
15 manner that is very similar to that used in conventional active-matrix 

liquid crystal displays. As a result, the present display architecture can be 
employed with conventional column and row scanners, either external or 
integrated on the display plate. 

The present pixel uses five (5) TFTs and one capacitor, and the LED. 
20 It should be noted that TFTs are connected to the anode of the LED, and not 
the cathode, which is required by the fact that ITO is the hole emitter in 
conventional organic LED. Thus, the LED is coupled to the source of a TFT, 
and not the drain. Each display colimm has 2 row lines (the auto-zero line 
and the select line), and 1 1/2 column Unes (the data Une and the +Vdd Hne, 
25 which is shared by neighboring columns). The waveforms on each line are 
also shown in FIG. 4. The operation of the pixel 300 is described below in 
three phases or stages. 

The first phase is a precharge phase. A positive pulse on the auto- 
zero (A2) line of the previous row 382 turns "on" transistor 330 and 
30 precharges node A of the pixel up to Vdd, e.g., +10 volts. Then the Data line 
changes from its baseline value to write data into the pixel of the previous 
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row, and returns to its baseline. This has no net effect on the pixel under 
consideration. 

The second phase is an auto- zero phase. The AZ and SELECT lines 
for the present row go high, turning ''on" transistors 340 and 350 and 
5 causing the gate of transistor Nl 310 to drop, self-biasing to a turn-on 

voltage that permits a very small trickle of current to flow through the LED. 
In this phase the sum of the turn-on voltage of the LED and the threshold 
voltage of Nl are stored on the gate of Nl. Since Nl and N2 can be placed 
very close together, their initial threshold voltages will be very similar. In 
10 addition, these two trauisistors should have the same gate to source voltage, 
Vgs. Since a TFT threshold drift depends only on Vgs over the life of the 
TFT, it can be assvimed that the threshold voltages of these devices will 
track over the Ufe of the TFT. Therefore, the threshold voltage of N2 is also 
stored on its gate. Ajfter auto- zeroing is complete, the Autozero line returns 
15 low, while Select line stays high. 

The third phase is a data writing phase. The data is applied as a 
voltage above the baseline voltage on the Data line, and is written into the 
pixel through the capacitor. Then, the Select line returns low, and the sum 
of the data voltage, plus the LED tuxn-on voltage, plus N2'3 threshold 
20 voltage, is stored at node B for the rest of the frame. It shotild be noted that 
a capacitor from node B to -hVdd can be employed in order to protect the 
stored voltage from leaking away. 

In sum. during the auto-2ero phase, the LED's turn-on voltage, as 
well as N2'3 threshold voltage, are "measured" and stored at node B using a 
25 trickle current. This auto-zero phase is essentially a current-drive mode of 
operation, where the drive current is very small. It is only after the auto- 
zero phase, in the writing phase, that the voltage on the LED is 
incremented above turn-on using the applied data voltage. Thias, the 
present invention can be referred to as having a Tiybrid drive," rather than 
3C a voltage drive or current drive. The hybrid drive method combines the 

advantages of voltage drive and current drive, without the disadvantages of 
either. Variations in the turn-on voltage of the LED and the threshold 
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voltage of the TFT are corrected, just as in current drive. At the same time, 
all Unes on the display are driven by voita^es. and can therefore be driven 
fast. 

It should be noted that the data voltage increment applied to the 
5 Data line 360 does not appear directly across the LED 304, but is split 
between Vgs of N2 320 and the LED. This simply means that there is a 
nonlinear mapping from the data voltage to the LED voltage. This 
mapping, combined with the nonlinear mapping from LED voltage to LED 
current, yields the overall transfer function from data voltage to LED 
10 current, which is moaotonic, and, as noted above, is stable over the life of 
the display. 

An advantage of the present pixel architecture 300 is that the 
transistors in the pixel whose threshold shifts are \mcorrected (N3, N4, and 
N5) are turned on for only one row-time per frame, and therefore have a 
15 very low duty-cycle and are not expected to shift appreciably. Additionally, 
N2 is the only transistor in the LED's current path. Additional transistors 
connected in series on this path may degrade display eSciency or may 
create problems due to uncorrected TFT threshold shifts, and, if shared by 
all pixels on a column, may introduce significant vertical crosstalk. 
20 Select and Autozero CAZ) pulses are generated by row scanners. The 

colama data is applied on top of a fi.xed (and arbitrary) baseline voltage in 
the time-slot between AZ pulses. The falling edge of Select signal occurs 
while data is valid on the Data Une. Various external and integrated 
colunm-scanner designs, either of the direct-sample or chopped-ramp type, 
25 can produce data with this timing. 

The above pixel architecture permits large direct-view displays to be 
built using organic LEDs. Of course, the present pixel structure is also 
applicable to any display technology that uses display elements requiring 
drive current, particularly, when the display elements or the TFTs have 
30 turn-on voltages that shift or are nonuniform. 

FIG. 5 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure 500 of the present invention. The pixel 
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structure 500 is similar to the pixel structure 300 of FIG. 3, where a 
Schottky diode is now employed in lieu in of two transistors. 

One potential disadvantage of the pixel structure 300 is the use of 
five transistors per pixel. Namely, using so many transistors in each pixel 
5 may impact the pixel's fill-fector (assuming bottom-side emission through 
the active plate), and also its yield. As such, the pixel structure 300 
employs a single Schottky diode in each pixel that reduces the number of 
transistors from five to three transistors, while performing the same 
functions as previously described. 
10 Referring to FIG. 5, pixel structure 500 comprises three NMOS 

transistors Nl (510), N2 (520). N3 (530), a capacitor 502, a Schottky diode 
540 and a LED (OLED) 550 (light element). A Select Une 570 is coupled to 
the gate of transistor 530. A Data line 560 is coupled to one terminal of the 
capacitor 502. An Autozero line 580 is coupled to the ^ate of transistor 520. 
15 An niuminate (similar to a VDD line) line 590 is coupled to one terminal of 
the Schottky diode 540. 

One terminal of the capacitor 502 is coupled (at node A) to the drain 
of transistors 520 and 530. The source of transistor 530 is coupled (at node 
B) to the gate of transistor 510. The drain of transistor 510 is coupled to the 
20 source of transistor 520, and one terminal of the Schottky diode 540. 

The pixel structxn-e 500 also has three phases of operation: a 
precharge phase, an autozero phase, and a data writing phase as discussed 
below. All of the Illuminate lines are connected together at the periphery of 
the display, and before the precharge phase begins, the Illuminate Unes are 
25 held at a positive voltage V,^^ which is approximately +15V. For the 

purpose of the following discussion, a row under consideration is referred to 
as "row i". The waveforms on each line are also shown in FIG. 6. 

The first phase is a precharge phase. Precharge is initiated when the 
Autozero (AZ) line turns on transistor Nr2, and the Select line turns on 
30 transistor N3. This phase is performed while the Data line is at a reset 
level. The voltage at Nodes A and B rises to the same voltage as the drain 
of transistor Nl, which is a diode drop below V_, . 
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The second phase is an autozero phase. Next, the Illuminate line 
drops to ground. During this phase, all pixels on the array will briefly 
darken, Autozeroing of Nl now begins with the Schottky diode 540 causing 
the drain of transistor Nl to be isolated from the grounded Illuininate line, 
5 When Node B has reached a voltage approximately equal to the threshold 
voltage of the transistor Nl plus the turn-on voltage of the LED 550, the AZ 
line is used to turn transistor N2 ^'ofiT, and the niuminate line is restored to 
V^^. All pixels in unselected rows light up again. 

The third phase is a data writing phase. Next, the data for row i is 
10 loaded onto the data line. The voltage rise at Nodes A'and B will equal the 
difference between the Data line's reset voltage level and the data voltage 
level; Thus, variations in the threshold voltage of transistor Nl and the 
LED's tum-on voltage will be compensated. After the voltage at Node B has 
settled, the Select line for row i is used to turn off transistor N3, and the 
Data line is reset. The proper data voltage is now stored on the pLxel until 
the next frame. 

Thus, a three-transistor pixel for OLED displays has been described, 
that possesses the advantages described previously for the 5-transistor pixel 
300, but requires fewer transistors. An additional advantage is that the 5- 
transistor pixel employs separate transistors for autozeroing and driving the 
LED. Proper operation of pLxel 300 requires that these two transistors have 
matching initial thresholds that would drift over Ufe in the same way. 
Recent experimental data suggest that TFTs with different drain voltages 
(as these two transistors have) may not drift in the same way. Thus, pixel 
500 performs autozeroing on the same transistor that drives the LED, such 
that proper autozeroing is guaranteed. 

FIG. 7 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure 700 of the present invention. The pixel 
structure 700 is similar to the pixel structure 300 of FIG. 3, with the 
exception that pixel structure 700 may generate a more precise autozero 
voltage. 
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Namely, referring to FIG. 3. the autozeroing arises from' the fact that 
each precharge cycle, as shown in FIG. 3. injects a large positive charge Qpp 
onto Node A of the pbcel 3C0. During the precharge phase, nearly all of the 
capacitance on Node A is from capacitor C^„, such that the charge injected 
5 onto Node A is: 

Q,'c=C^{'^oo-^.) (1) 

where is the voltage that was on Node A before the precharge phase 
10 began. depends on the threshold voltage of N3 330 and the turn-on 
voltage of the LED 304, as weU as the previous data appHed to the pixel 
300. Since is a large capacitance (approx. 1 pF), Q^^ is also relatively 
large, on the order of ten picocoulombs. 

When the pixel 300 is at a stable autozero level, Qp^ flows through Nl 
15 310 and the LED 304 during the autozero phase. Since the autozero 
interval is short (approximately 10 jisec), Nl may be left with a gate-to- 
source autozero voltage higher than its threshold voltage, and similarly, the 
LED autozeroes above its turn-on voltage. Thus, the autozeroing process 
may not produce a true zero-current autozero voltage at Nodes A and B, but 
20 instead, an approximation of a zero-current autozero voltage. 

It should be noted that it is not necessary to produce a true zero- 
current autozero voltage, corresponding to exactly zero current through Nl 
and the LED. The desirable goal is to obtain an autozero voltage that 
permits a small trickle of current (approximately ten nanoamps) to Qow 
25 through Nl 310 and.the LED 304. Since the autozero interval is 

approximately 10 psec, then Qp^ should be on the order of 0.1 picocoulomb. 
As noted above, Qpg is approximately 10 picocoulombs. 

The effect of such a large Qp^ is that the pixel s stable autozero 
voltage may well be above the sum of the threshold and turn-on voltages. 
30 This condition by itself is not a problem, if the excess autozero voltages were 
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uniform across the display. Namely, the effect can be addressed by 
offsetting all the data voltages accordingly. 

However, a potential difEcuIty may arise if Qp^ is not only large, but 
also depends on the previous data voltage, and on the autozero voltage 
5 itself. If this condition develops in the display, then not onJy will all pixels 
have large excess autorero voltages, but also the magnitude of the excess 
voltage may vary from pixel to pixeL In effect, the autozeroing of pixel 300 
may not produce a uniform display under such a condition. 

To address this criticality, the pixel structure 700 is capable of 
10 reducing the precharge Qp^ to a very small value. Additionally, a Variable 
precharge'' method is disclosed, that permits Qp^ to vary, depending on the 
amount of charge that is actually needed for autozeroing. In brief, if the 
current autozero voltage is too low, Q^^ assumes its maximum value of about 
0.1 picocoulomb in order to reuse the autozero voltage toward its desired 
15 value. However, if the current autozero voltage is too high, then Qp^ is 
essentially zero, allowing the autozero voltage to drop quickly. 

Referring to FIG. 7, pixel structiire 700 comprises five NMOS 
transistors Nl (710), N2 (720), N3 (730) , Ni (740), No (750), a capacitor 
702, and a LED (OLED) 704 (light element). A Select line 770 is coupled to 
20 the gate of transistor 710. A Data line 760 is coupled to one terminal of the 
capacitor 702. An Autozero line 780 is coupled to the gate of transistor 740. 
A VDD line 790 is coupled to the drain of transistors 720 and 750. An 
Autozero line 782 from a previous row in the pixel array is coupled to the 
gate of transistor 750. 
25 It should be noted that Autozero line 782 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 
pixel is such that the Autozero line 782 from a previous row can be exploited 
without the need of a second Select line, thereby reducing complexity and 
cost of the present pixel, 
to One terminal of the capacitor 702 is coupled (at node A) to the drain 

of transistor 710. The source of transistor 710 is coupled (at node B) to the 
gate of transistors 720 and 730 and is coupled to the source of transistor 
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740. The drain of transistor 740 is coupled (at node C) to the source of 
transistor 750, and to the drain of transistor 730. Finally, the source of 
transistors 730 and 720 are coupled to one terminal of che LED 704. 

More specifically, the pixel 700 is similar to the pixel 300. except that 
5 the precharge voltage is now appUed to Node C, which is the drain of 
transistor N3 730. In addition, there are also some timing changes as 
shown in FIG. 8. The operation of the pucel 700 is agam described below in 
three phases or stages. 

The first phase is a precharge phase that occurs during the previous 
10 line time, i.e., before data is applied to the previous row's pixels. A positive 
pulse on the Select line turns "on" Nl, thereby shorting Nodes A and B 
together, which returns the pixel 700 to the state it was in after the last 
autozero phase. Namely, the pixel is returned to a data-independent 
voltage that is the pixel's most recent estimate of its proper autozero 
15 voltage. While transistor Nl is "on', a positive pulse on the Autozero line 
782 from a previous row line turns "on" transistor No, thereby precharging 
Node C to Vu. In turn, transistors Nl and N5 are turned "off. 

The relative timing of turning transistors Nl and N5 "on" and "ofT is 
not very important, except that transistor nl must be "on" before transistor 
20 N5 is tiimed "ofi". Otherwise, transistor N3 may stiU be turned "on" in 
response to the old data voltage, and the charge injected onto Node C may 
inadvertently drain away through transistor N3. 

AAer the precharge phase, the charge Q^^. is stored at Node C on the 
gate-to-source/drain capacitances of transistors N3, N4 and N5. Since these 
25 capacitances add up to a very small capacitance (about 10 fF), and the 

precharge interval raises Node C about lOV. Q^^ is initially approximately 
0.1 picocoulcmbs. However, this charge will drain from Node C to varying 
degrees prior to the autozero phase, depending on how well the previous 
autozero voltage approximates the true autozero voltage. Thus, it is more 
30 accurate to indicate that Q,^ S 0. 1 picocoulomb. depending on how much 
charge is needed for autazeroing. This is the variable precharge feature. If 
the last autozero voltage is too low, N3 is nonconducting after the precharge 
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phase, and Qp^ should stay at its maximum value, raising: the a'utozero 
voltage toward its desired level during the autozero phase. If the last 
autozsro voltage is too high, N3 is conducting, and will drain off by the 
time the autozero phase occurs, allowing the autozero voltage to drop 
5 qiiickly. 

Although the relative timing for transistors Nl and N5 is not critical, 
the preferred timing is shown in FIG. 8. The two transistors Nl and N5 
turn "on" at the same time in order to minimize the time required for 
precharge. Nl turns 'ofT before N5 such that the (intentional) draining of 
10 from Node C is in response to a Node B voltage that has been 
capacitively pushed down by Nl turning "ofT. This ensures that the 
draining of Q„. from Node C is in response to a Node B voltage that is the 
same as when zero data is applied to the pixel. 

In stom, the pixel 700 when compared to the pixel 300. provides a 
15 means of precharging the pixel that allows at more effective autozeroing. 
Specifically, the autozercing of pixel 700 is more acciirate, faster, and data 
independent. Computer simulations have verified that the pixel 700 
autozeroes well and is able to maintain a nearly constant OLED current vs. 
data voltage characteristic over an operational lifetime of 10,000 hoxirs. 
20 FIG. 9 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure 900 of the present invention. The pixel 
structure 900 is similar to the pixel structure 700 of FIG. 7, with the 
exception of having an additional V,,„^ line 992, that permits the range of 
autozero voltages to be extended without raising the LED supply voltage 

25 V^. This additional modification ofthe pixel extends the life and efficiency 
of the pixel. 

It should be noted that the above described pixels (200, 300. 700) 
have the limitation that the autozero voltage cannot exceed V^, since this is 
the prechai^e voltage. However, as the threshold voltages of transistors N2 
30 and N3 drift over the life of the transistor, a point is reached where an 

autozero voltage higher than is required in order to compensate for drift 
in the TFT threshold voltage and in the OLED turn-on voltage. Since the 
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autozero voltage cannot reach higher voltages, display uniformity wiU 
quickly degrade, signaling the end of the useful life of the display. Raising 
V,, will permit higher autozero voltages to be achieved, but at the expense of 
power efficiency, since is also the OLED drive supply. 
5 Furthermore, the range of autozero voltages will be restricted even 

further if, in order to improve power efficiency, is reduced to operate 
transistor N2 in the linear region. (Of course, this will require N2 to be 
made larger than if it was operated in saturation.) In this case, the 
operating lifetime will be quite short, since after a short period of operation, 
10 the autozero voltage will need to reach a level higher than V^,. 

Referring to FIG. 9, an optional modification is incorporated into the 
pixel 700 that removes restrictions on the autozero voltage, thereby 
permitting it to be extended to well above V^. The pixel 900 is identical to 
the pixel 700 with the exception of an additional column line 992, that is 
15 coupled to the drain of transistor 950. 

The column line 992 is added to the array to carry a DC voltage 
^pt^a^ to all the pixels. All of these column Lines are connected together at 
the edge of the display. By raising V^,^^ to a level higher than V^, the 
pixel 900 can precharge and autozero to a voltage higher than V^. A high 
20 value of V^,^, will have very Uttle effect on display efficiency. 

It should be noted that each V^.,^ line 992 can be shared by 
neighboring columns of pixels. The V^,.^ Unes can also run as row lines, 
shared by neighboring rows. 

In sum, a modification of the above OLED pixels is disclosed where 
25 an additional voltage line is provided to extend the range of the autozero 
voltages beyond V^. This allows the OLED drive transistor to operate at as 
low a voltage as needed for power efficiency, possibly even in the linear 
region, without restricting the range of autozero voltages. Thus, long 
operating lifetime and high efficiency can be obtained. Finally, although 
30 the present modification is described with respect to pixel 700, it should be 
understood that this optional modification can be employed with other 
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autozeroing pixel structures, including but not limited to, pbcels 200 and 
300 as discussed above. 

Although the above pLxel structures are designed for an OLED 
display in such a manner that transistor threshold voltage variations and 
5 OLED turn-on voltage variations in the pixel can be compensated, these 
pixel structures are not designed to address nonuniformity that is generated 
external to the pixel. It was pointed out that the pixel could be used with 
conventional column driver circuits, either external to the display plate or 
integrated on the display. 
10 Unfortunately, integrated data drivers are typically not as accurate 

as external drivers. While commercially available external drivers can 
achieve i:12 mV accuracy, it has proven difficult to achieve accuracy better 
than £50 mV using integrated drivers. The particular type of error 
produced by integrated drivers is primarily offset error, i.e. , it is a data- 
15 independent DC level that adds to all data voltages. The offset error is 

nonuniform, i.e.. the value of the DC level varies from one data driver to the 
next. Liqtaid crystal displays tend to be forgiving of offset errors because the 
Hquid crystal is driven with opposite polarity data in successive frames, 
such that in one frame the ofifset error causes the liquid crystal to be slightly 
20 too dark, and in the next frame too light, but the average is nearly correct 
and the alternating errors are not noticeable to the eye. However, an OLED 
pixel is driven with unipolar data. Therefore, the bipolar cancellation of 
offset errors does not occxir, and serious nonuniformity problems may result 
when integrated scanners are used. 
25 FIG. 10 depicts a schematic diagram of an active matrix LED pixel 

structure 300 of the present invention coupled to a data driver 1010 via a 
column transistor 1020. The present invention describes a method for 
canceling offset errors in integrated data scanners for OLED displays. 
Namely, the present method is designed to operate with any pixel in which 
the pixel is capacitiyely coupled to a data line, and has an autozero phase, 
e.g., pixels 200. 300. 500. and 700 as discussed above. 
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Refen-ing to FIG. 10, the pixel 300 as described above is coupled to a 
Data line that provides the pixel with an analog level to establish the 
brightness of the OLED element. In FIG. 10, the Data line is driven by a 
data driver that uses the chopped ramp technique to set the voltage on the 
5 Data line. Various sources of error exist in this approach that may give rise 
to offeet errors on the Data line. For example, the time at which the voltage 
comparator switches can vary depending on the comparator's maximum 
slew rate. It has also been observed experimentally that the maximum slew 
rate can be highly variable. The ofiEset error will afifect the voltage stored in 
10 the pixel. Since it is nonuniform, the ofiset error will also lead to brightness 
variations across the display. 

In the present invention, the period during which the pixel autozeros 
to cancel its own internal threshold error is also used to calibrate out the 
data scanner's ofifeet error. The waveforms of the various lines is shown in 
15 FIG. 11. 

Namely, this is accomplished by setting a reference black level on the 
Data line using the same column driver that will apply the actual data 
voltage. This reference black level, applied during the pixel's autozsro 
phase, is set on the Data Une in exactly the same manner that the actual 
20 data voltage will be set: the data ramp is chopped at a time determined by 
the voltage comparator. Thus, the voltage across capacitor C of the pixel is 
determined by the difference between the pixel's turn-on voltage and the 
combined black level plus the offset error voltage. The reference black level 
is maintained for the entire autozero phase. When the actual data is 
25 applied to the pixel, the data scanner offset error is now canceled by the 
stored voltage on the pixel capacitor. 

This technique can be applied not only to integrated scanners that 
use a chopped ramp, but also to scanners using direct sampling onto the 
columns. In the case of direct sampling, the error arises from the 
30 nonuniform capacitive feedthrough of the gate signal onto the Data line 
when the (large) column transistor turns off. Variations in the threshold 
voltage of this transistor produce a nonuniform offset error, just like the 
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nonunifonn offset error produced by the chopped ramp data scanners. 

Thus, it can be corrected in the same manner. A black reference 
voltage is written onto the columns during the pixel's autozero phase. Since 
all of the pixels in a row autozero at the same time, this black level is 
5 written onto all of the data columns simultaneously at the beginning of the 
line time. The black level is maintained for the entire autozero phase. As 
in the case of the chopped-ramp scanner, when the actual data is applied to 
the pixel, the offset error will be canceled by the voltage stored on the pixel 
capacitor. However, it seems likely that the time overhead required to 
10 perform offset error correction is smaller using the direct-sampling 
technique than with the chopped ramp technique. 

The present method for correcting data driver errors shoxild permit 
organic LED displays to be built with much better brightness ixniformity 
than would otherwise be possible. Using the method described here, 
15 together with any of the above autozeroing pLxels, brightness uniformity of 
8-bits should be achievable, with no visible uniformity degradation over the 
lifetime of the display. 

Although the above disclosure describes a plurality of pixel structures 
that can be employed to account for nonuniformity in the intensity of a 
display, an alternative approach is to compensate such nonimifcrmity by 
using external means. More specifically, the disclosure below describes an 
e.^emal calibration circtdt and method to account for nonuniformdty in the 
intensity of a display. In brief, the non-uniformity is measured and stored 
for all the pixels sxoch that the data (e.g., data voltages) can be calibrated 
using the measured non-uniformity. 

As such, although the conventional pixel structure of FIG. 2 is used in 
the following discussion, it should be understood that the present external 
calibration circuit and method can be employed with other pixel structures, 
including but not limited to, the pixels 300, 500, and 700 as described above. 
However, if the non-uniformity is addressed by the present external 
calibration circuit and method, then a more simplified pixel structure can be 
employed in the display, thereby increasing display yield and fill-factor. 
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?IG. 12 illustrates a schematic diagram of an array of pixels 200 
interconnected into a pixel block 1200. Referring to FIG. 2, in operation, 
data is written into the pixel array in the manner commonly used with 
active matrix displays. Namely, a row of pLxels is selected by driving the 
5 Select line high, thereby turning on access transistor Nl. Data is written 
into the pixels in this row by applying data voltages to the Data Unes. After 
the voltage at node A has settled, the row is deselected by driving the Select 
line low. The data voltage is stored at node A until this row is selected 
again on the next frame. There may be some charge leakage from node A 
10 during the time that Nl is turned off. an^ a storage capacitor may be 
required at node A to prevent an unacceptable level of voltage decay. The 
dotted lines illustrate how a capacitor can be connected to address the 
voltage decay. However, it is possible that there is sufficient capacitance 
associated with the gate of N2 to render such additional capacitance 
16 unxiecessary. 

It should be noted that the luminance L of an OLED is approximately 
proportional to its current I, with the constant of proportionalitj- being fairly 
stable and uniform across the display. Therefore, the display will be 
visually muform if well-defined OLED currents are produced. 
20 However, what is programmed into the pixel is not the OLED 

current, but rather the gate voltage on N2. It is expected that TFT 
threshold voltages and transconductances will exhibit some initial 
nonuniformity across a display, as will the OLED electrical parameters. 
Furthermore, it is well known that TFT threshold voltages increase under 
25 bias-temperature stress conditions, as do OLED turn-on voltages. Thus, 
these parameters are expected to be initially nonuniform, and to vary over 
the life of the pixel in a manner that depends on the individual bias history 
of each pixel. Programming the gate voltage of N2 without compensating 
for the variations of these parameters will yield a display that is initially 
30 nonuniform, with increasing nonuniformity over the life of the display. 

The present invention describes a method for correcting the data 
voltage applied to the gate of N2 in such a way that variations in the TFT 
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and OLED electrical parameters are compensated, thereby permitting well- 
defined OLED currents to be produced in the pixel array. 

FIGs. 2 and 12 illustrate a pixel array having VDD supply lines that 
are disposed parallel to the Data lines. (In alternative embodiments, the 
5 VDD lines may ran parallel to the Select lines.) As such, each VDD line can 
be shared by two or more neighboring columns of pixels to reduce the 
number of VDD lines. Figure 12 illxistrates the VDD lines as being tied 
together into blocks on the periphery of the display. Each pixel block 1200 
may contain as few as one VDD line, or as many as the total number of VDD 
10 lines on the display. However, in the preferred embodiment, each pixel 
block 1200 contain about 24 VDD lines, i.e., about 48 pixel columns. 

FIG. 13 is a schematic diagram illustrating the interconnection 
between a display 1310 and a display controller 1320. The display 1310 
comprises a plurality of pixel blocks 1200. The display controller 1320 
15 comprises a VDD control module 1350, a measurement module 1330 and 
various I/O devices 1340 such as A/D converters and a memory for storing 
pixel parameters. 

Each pixel block is coupled to a sensing pin (VDD/SENSE) 1210 at 
the edge of the display, as shown in FIGs. 12 and 13. During normal 
20 display operation, the sensing pins 1210 are switched to an external V,, 
supply, e.g., between 10-15V, thereby supplying current to the display for 
illuminating the OLED elements. More specifically, each VDD/SENSE pin 
1210 is associated with a pair of p-channel transistors Pi (1352) and P2 
(1332) and a ctarrent sensing circuit 1334 in the display controller 1320. 
25 During normal operation, an ILLUMINATE signal from the display 

controller activates PI to connect a VDD/SENSE pin to the V^ supply. In a 
typical implementation, the current through PI is expected to be 
approximately 1 mA per column. 

In order to compensate for variations in the TFT and OLED 
30 parameters, the external current sensing circuits 1334 are activated via a 
MEASURE signal to collect information about each pixel's parameters 
during a special measurement cycle. The collected information is used to 
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calcuJate or adjust the appropriate data voltages for establishing the desired 
OLED currents during normal display operation. 

Mere specifically, during a given pixel's measurement cycle, all other 
pixels in the pixel block are tuned off by loading these pixels with lew data 
5 voltages (e.g., zero volts or less), thereby ensuring negligible current draw 
from the "ofT pixels. In turn, the current drawn by the pixel of interest is 
measured in response to one or more appHed data voltages. During each 
measurement cycle, the data pattern (i.e.. consisting of all pixels in a block 
turned "off" except for one pLxel turned "on") is loaded into the pLxels in the 
10 normal way, with data applied to the DATA Unas by data" driver circuits, 
and rows being selected one by one. Thus, since the display is partitioned 
into a plurality of pLxel blocks, a plurality of pixels can be measured by 
turning on at least one pixel in each pixel block simultaneously. 

The current drawn by the pixel of interest in each pLxel block is 
15 measured externally by driving the ILLUMINATE and MEASURE lines to 
levels that disconnect the VDD/SENSE pin 1210 from VDD source and 
connect the sensing pin to the input of a current-sensing circuit 1334 
through P2, where the current drawn by the pixel of interest is measured. 
The pixel current is expected to be in the range of 1-10 uA. The current- 
20 sensing circuit 1334 is shown as a transimpedance ampKfier in FIG. 13, but 
other embodiments of current-sensing circuit can be implemented. In the 
present invention, the amplifier generates a voltage at the output that is 
proportional to the current at the input. This measured information is then 
collected by I/O devices 1340 where the information is converted into digital 
25 form and then stored for calibrating data voltages. The resistor in the 
current-sensing circuit 1334 is approximately one Megohm. 

Although multiple current-sensing circuits 1334 are illustrated with a 
one to one correspondence with the pixel blocks, fewer current-sensing 
circuits can be employed through the use of a multiplexer (not shown). 
30 Namely, multiple VDD/SENSE pins are multiplexed to a single current- 
sensing circuit 1334. In one extreme, a single current-sensing circuit is 
used for the entire display. Multiplexing the VDD/SENSE pins to the 
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sensing circmts in this manner reduces the complexity of the external 
circuitiy, but at the expense of added display measurement time. 

Since normal display operation must be interrupted in order to 
perform pixel measxirement cycles, pixel measurements should be scheduled 
5 in a manner that will least disrupt the viewer. Since the pLxel parameters 
change slowly, a given pixel does not need to be measured frequently, and 
measurement cycles can be spread over a long period of time. 

While it is not necessaiy for all pixels to be measured at the same 
time, it is advantageous to do so in order to avoid nonuniformity due to 
10 variable measurement lag. This can be accomplished by measuring all 
pixels rapidly when the display module is turned "on", or when it is turned 
"off*. Measxiring pixels when the display module is turned "off does not 
interfere with normal operation, but may have the disadvantage that after a 
long "off* period, the stored pixel parameters may no longer ensure 
15 uniformity. However, if an uninterrupted power source is available (e.g., in 
screen saver mode), measurement cycles can be performed periodically while 
the display is "off (from the user's point of view). Of course, any option that 
does not include a rapid measurement of all pixels when the display module 
is turned "on'*, requires that nonvolatile memory be available for storing 
20 measurement information while power is •'off*. 

If pixel measurement information is available, compensation or 
calibration of the data voltages can be applied to the display to correct for 
various sources of display nonimiformity. For example, compensation of the 
data voltages can be performed to account for transistor threshold-voltage 
25 variations and OLED turn-on voltage variations. As such, the discussion 
below describes a plurahty of methods that are capable of compensating the 
above aources of display nonuniformity, including other sources of display 
nonuniformity as well. By using these methods, a display with several 
sources of nonuniformity. some of them severe, can still provide a uniform, 
30 high-quality displayed image. 

For the purpose of describing the present compensation methods, it is 
assumed that the pixel structure of FIG. 2 is employed in a display. 
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Howevef , it should be understood that the present compensation methods 
can be adapted to a display employing any other pLxei structures. 

Referring to HG. 2, the stored voltage on Node A is the gate voltage 
of N2, and thus establishes a current through N2 and through the LED. By 
5 varying the gate voltage on N2, the LED current can be varied. Consider 
the relationship between the gate voltage on N2 and the current through 
the LED. The gate voltage can be divided into two parts, the gate-to- 
sourcie voltage of N2 and the voltage V^^ across the LED: 

10 V = V + V ~ (o^ 

For an MOS transistor in saturation the drain current is approximately: 



2 



(3) 



15 



where k is the device transconductance parameter and V. is the threshold 
voltage. (For operation in the linear region, see below.) Therefore: 



^*«=VX*^ (4) 



20 



The forward current through the OLED is approximately: 

^ = ^^^2,, (5) 

25 where A and m are constants (See Burrows et al.. J. Appl. Phys. 79 (1996)). 
Therefore: 



=^-^ (6) 
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Tnus, the overall relation between the gate voltage and the diode current is: 

It shoxiJd be noted that other functional forms can be used to 
5 represent the OLED I^V characteristic, which may lead to different 

functional relationships between the gate voltage and the diode current. 
However, the present invention is not limited to the detailed functional form 
of the OLED I-V characteristic as disclosed above, and as such, can be 
adapted to operate for any diode-like characteristic. 
10 The luminance L of an OLED is approximately proportional to its 

current I, with the constsuit of proportionality being fairly stable and 
uniform across the display. Typically, the display is visually uniform if 
well-defined OLED cxxrrents can be produced. However, as discussed above, 
the pixel is programmed with the voltage and not the current I. The 
15 problem is based on the observation that TFT parameters and k will 
exhibit some initial nonimiformity across a display, as well OLED 
parameters A and m. Furthermore, it is well known that increases under 
bias-temperature stress conditions. The OLED parameter A is directly 
related to the OLED's tum-on voltage, and is known to decrease under bias 
20 stress. The OLED parameter m is related to the distribution of traps in the 
organic band gap, and may also vary over the life of the OLED. Thus, these 
parameters are expected to be initially nonuniform, and to vary over the life 
of the display in a manner that depends on the individual bias history of 
each pixel. Programming the gate voltage without compensating for the 
25 variations of these parameters will yield a display that is initially 

nonuniform, with increasing nonuniformity over the life of the display. 

In fact, other sources of nonuniformity exists. The gate voltage is 
not necessarily equal to the intended data voltage V^. Instead, gain and 
offset errors in the data drivers, as well as (data-dependent) feedthrough 
30 arismg from the deselection of Nl, may cause these two voltages to be 

different. These sources of error can also be nonuniform and can vary over 
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the lixe of the display. These and any other gain and offset errors can be 
addressed by expressing: 

^,^BV,^a^^O (8) 

5 

where B and are a gain factor and an offset voltage, respectively, both of 

which can be nonuniform. Combining and simplifying equations (7) and (8) 
produces: 

=^^^CV7+£)q/7 (9) 

where V^^ C, and D are combinations of the earlier parameters. 

The present invention provides various compensation methods for 
correcting the intended (input) data voltage V^^ to compensate for 
15 variations in C, D, and m, thereby permitting well-defined OLED 
currents to be produced in the pixel array. In order to compensate for 
variations in the parameters C, D, and m, the external current sensing 
circuits as described above, collect information about each pixel's 
parameters, i.e., the current drawn by a single pixel can be measured 
20 externally. Using the measured information for the parameters V^^ C, D, 
and m, the present invention calctdates the appropriate data voltages 
in accordance with eqxiation (9), for establishing the desired OLED currents 
during normal display operation. 

Alternatively, it should be noted that an exact calculation of the four 
25 parameters V^^ C, D, and m from current measurements is computationadly 
expensive, thereby requiring complicated iterative calculations. However, 
good approximations can be employed to reduce computational complexity, 
while maintaining effective compensation, 

In one embodiment, pixel nonunifonnity is characterized using only 
10 two parameters instead of four as discussed above. Referring to the pixeFs 
current-voltage characteristic of equation (9). at normal illumination levels. 
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the CV7 term, associated with of N2, and the I^fl term, associated with 
^diod.' have roughly the same magnitude. However, their dependence on 
pixel current is very different. The value of m is approximately 10, such 
that at typical illumination levels, is a much weaker function of I than 
5 is CV7. 

For example, a 100 fold (lOOx) increase in I results in cV7 increasing 
by 10 fold (lOx), but D^l increases only 1.58 fold (1.58x) (assuming m = 
10). Namely, at typical illumination current levels, the OLED's I-V curve is 
much steeper than the TFTs I-V , curve. 
^0 As such, an approximation is made where at typical current levels, 

lyfi is independent of current, and its pixel-to-pixel variation can be simply 
treated as an ofTset variation. While this approximation may introduce 
some error, the appearance of the overall display will not be significantly 
degraded. Thus, with a fair degree of accuracy all display nonuniformity 
15 can be treated as ofiEset and gain variations: Thus, equation (9) can be 
approximated as: 

^^-''^^r. + C'V/ (10) 



20 where - + lyfl now includes lysfl , and V.,_. and C vary from pixel to 
pixel. 

FIG. 14 illustrates a flowchart of a method 1400 for initializing the 
display by measuring the parameters of all the pixels. Method 1400 starts 
in step 1405 and proceeds to step 1410, where an "off" data voltage is 
25 applied to all pixels in a pixel block, except for the pixel of interest. 

In step 1420, to determine and C for a given pixel of interest, 
method 1400 applies two data voltages (Vl and V2), and the current is 
measured for each data voltage. 

In step 1430, the square root of the currents II and 12 are calculated, 
to In one implementation, a square root table is used in this calculation. 



^#.1g¥ll-219146 



-28- 

In step 1440, and C are determined, i;e., two equations are 
available to solve two variables. In turn, the calculated V^^^ and C for a 
given pixel of interest, are stored in a storage, e.g., memory. After all pixels 
have been measured, the memory contains the two parameters V^^^^ and C 
5 for each pixel in the array. These values can be used at a later time to 

calibrate or adjust V,^^ in accordance with equation (10). Method 1400 then 
ends in step 1455. 

It should be noted that the current through the measured pixel 
should be high enough such that D^I can be treated as approximately the 
10 same at the two measurement points. Preferably, this condition can be 
satisfied by making one measurement at the highest data voltage that the 
system can generate, and then the other measurement at a slightly lower 
data voltage. 

Once display initialization has been performed, the raw input video 
15 data supplied to the display module can be corrected. It should be noted 
that the input video data can exist in vauious formats, e.g., the video data 
can represent (1) pixel voltages, (2) gamma-corrected pixel luminances, or 
(3) pixel currents- As such, the use of the stored parameters V;,^^ and C to 
calibrate or adjust the input video data depends on each specific format. 
20 FIG. 15 illustrates a flowchart of a method 1500 for correcting input 

video data representing pixel voltages. Method 1500 starts in step 1505 and 
proceeds to step 1510, where the stored parameters, e.g., V^^^ and C are 
retrieved for a pixel of interest. 

In step 1520, method 1500 applies the retrieved parameters to 
25 calibrate the input video data. More specifically, it is expected that the 
input video data are unbiased, i.e., zero volts represents zero luminance, 
and data greater than zero represent luminance levels greater than zero. 
Therefore, the voltages can be regarded as equal to Q V7 , where I is the 
desired current and is a constant, e.g., with a typical value IOV/Va . 
30 To compensate for pixel variations, as input video data enters the display 
module, the value of V^^^ = V^^^ + cV7 is calculated for each pixel, based on 
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the stored values of V^^^ and C. This calculation consists of multiplying the 
video data by C/C^. and adding V^^ to the result. 

The division by can be avoided if the video data V^^^ has ahready 
been scaled by the constant factor L/Q. The multiplication by C can be 
5 performed directly in digital logic, or using at look-up table. For example, in 
the latter case, each value of C specifies a table where the value of the video 
data is an index, and the table entries consist of the result of the 
multiplication. (Alternatively, the roles of C and the input video data in the 
look-up table can be reversed.) After the multiplication is performed, rapid 
10 addition of can be imptemented with digital logic. 

In step 1530, the resulting voltage V^^, i.e., the corrected or adjusted 
input data, is then forwarded to the data driver of pixel array. Method 1500 
then ends in step 1535. 

In the case of gamma-corrected luminance data, the input video data 
15 are proportional to L^*' , where L is luminance. This is typical for video data 
that have been pre-corrected for CRT luminance-voltage characteristics. 
Since L^*^ = Vl , and the OLED luminance is proportional to its current, the 
data can be treated as proportional to V7 . Thus, the calculation can be 
performed in the same way as for zero-offset voltage data as discussed 
20 above. 

FIG. 16 illustrates a flowchart of a method 1600 for correcting input 
video data representing pixel ciirrents, i.e., luminances. Method 1600 starts 
in step 1605 and proceeds to step 1610, where the square-root values of the 
measured current are calculated. Namely, method 1600 is similar to the " 

25 method 1500 described above, with the exception that the video data 
representing I must be processed to yield V7 . As noted above, this 
operation can be implemented using a table that provides square-root 
values as needed for deriving the pixel parameters and C from pixel . 
current measurements, as illustrated in FIG. 14. Here, this table is used 

30 again to generate V7 from the video data. 

Then, the data ^correction steps 1510-1645 of method 1600 are 
identical to the method 1500 as described above, with the exception that the 
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square root of the input data is multiplied by C in step 1630 an<i then 
followed by an addition of V^.^ to yield the corrected data voltage. 

Alternatively, in another embodiment, pixel nonuniformity is 
characterized using only one parameter instead of two or four parameters as 
5 discussed above. Namely, an additional simplification is made such that 
pixel nonvmiformity is characterized using a single parameter. 

More specifically, in many cases the pixel-to-pixel variation in the 
gain factor C is small, leaving V^^^^ as the only significant source of 
nonunifonuity. This occurs when the TFT transconductance parameter k 
10 and the voltage gain factor B are uniform.. In this case, it is sufficient to 
determine each pixel's Then, data correction does not involve 

multiplication (since the gadn factor C is assumed to be imiform), but only 
involves addition of the offset parameter. 

This one-parameter approximation is similar to the above 
15 autozeroing OLED pixel structures. The present one-parameter 

compensation method should produce satisfactory display uniformity, while 
reducing computational expense. However, if maintaining display 
imiformity is very important to a particular display application, then the 
above described two or four- parameter methods can be employed at the 
20 expense of increasing computational complexity and expense. 

Again, for one-parameter extraction and data correction, the display 
initialization process depends on the format of the data. The single- 
parameter method can be used to initialize the display and to correct video 
data for the cases of video data representing (1) pixel voltages, (2) pixel 
25 currents, and (3) gamma-corrected pixel luminances. 

FIG. 17 illustrates a flowchart of a method 1700 for initializing the 
display by measuring the parameters of all the pixels. Method 1700 starts 
in step 1705 and proceeds to step 1710, where an "ofT data voltage is 
applied to all pixels in a pixel block, except for the pixel of interest.^ 

In step 1720, to determine and C for a given pixel of interest, 
method 1700 applies two data voltages (VI and V2), and the current is 
measured for eiacfa data voltage. 
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In step 1730, the square root of the currents U and 12 are calculated. 
In one implementation, a square root table is used in this calculation. 

It should be noted that since the value of C is supposed to be uniform, 
then ideally it can be determined by making a two-point measurement on a 
5 single pixel anywhere in the display. However, this is questionable, since 
,. the pixel of interest may be unusual. Thus, a two-point measurement is 
made on every pixel. 

In step 1740, the average C is determined. Namely, using a table to 
calculate V7 for each current measurement, an average value of C for the 
10 display can be calculated. "~ 

In step 1750, V^,^^ is determined for each pixel from its current 
measurements based on the average C. In this manner, small variations in 
C across the display are partially compensated by the calculated V^^. For 
reasons given above, it is preferable to make each pixel's current 
15 measixrement at the highest possible data voltage. 

Finally, in step 1760, each pixel's V^^^ is stored in a storage, e.g., 
memory. Method 1700 then ends in step 1765. 

FIG. 18 illustrates a flowchart of a method 1800 for correcting input 
video data representing pixel voltages. Method 1800 starts in step 1805 and 
20 proceeds to step 1810, where the stored parameters, e.g., is retrieved 
for a pixel of interest. 

In step 1820, method 1800 applies the retrieved parameter V^^^^ to 
calibrate the input video data. More specifically, the value of 

= is calculated for each pixel, based on the stored value of 

25 V^^. 

In step 1830, the resulting voltage V^.^., i.e., the corrected or adjusted 
input data, is then forwau^ed to the data driver of pixel array. Method 1800 
then ends in step 1835. 

FIG. 19 illustrates a flowchart of a method 1900 for initializing the 
30 display by measuring the parameters of all the pixels for the situation 
where the video data represents pi.xel currents. It should be noted that 
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method 19CX) is very similar to method 1700 as discussed above. The 
exception arises when method 1900 incorporates an additional step 1950, 
where a calculated average value of C is used to generate a table of zero- 
offset data voltage vs. pixel current. From this point forward in the 
5 initialization and data correction processes, square root operations can be 
avoided by using this table. The table is expected to provide a more 
accurate representation of the pixel's current -voltage characteristics than 
the square-root function. The table is then stored in a storage, e.g., a 
memory for later use. Then the individual pixel current measurements are 
10 used as indexes to enter this table, and individual pixel offsets are 
determined. 

FIG. 20 illustrates a flowchart of a method 2000 for correcting input 
video data represented in pixel currents, i.e., luminances. Method 2000 
starts in step 2005 and proceeds to step 2010, where the cxirrent pixel of 
15 interest's is retrieved from storage. 

In step 2020, the zero-offset data voltage vs. pixel current table is 
used to obtain a zero-offset data voltage from the input video data current. 
This zero-offset data voltage is added to the retrieved V ^ in step 2030. 
Finally, in step 2040, the corrected or adjusted input video data, is then 
20 forwarded to the data driver of the pixel array. 

In siom, as video data are introduced into the display module, the 
zero-offset data voltage corresponding to each current is looked up in the V-I 
table. Then the stored pixel offset is added to the zero-offset voltage, and 
the result is the input to the data driver. Method 2000 then ends in step 
25 2045. 

FIG. 21 illustrates a flowchart of a method 2100 for initializing the 
display by measiaring the parameters of adl the pixels for the situation 
where the video data represents gamma-corrected luminance data. It 
should be noted that method 2100 is very similar to method 1900 as 
30 discussed above. The exception arises in step 2150 of method 2100, where a 
calculated average value of C is used to generate a table of zero-offset data 
voltage vs. the square root of the pixel current. Namely, the video data can 
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be approximated as representing V7 - As such, the average value of C is 
used to create a zero-offset table of V^^ vs. V7 , and this table is saved in a 
storage such as a memory. 

FIG. 22 illustrates a flowchart of a method 2200 for correcting input 
5 video data represented in gamma-corrected luminance data. It should be 
noted that method 2200 is very similar to method 2000 as discussed above. 
The only exception arises in the zero-offset table of V^^^ vs. V7 . Thus, in 
sumci, incoming video data are used to look up the zero-offset data voltages, 
and stored pixel offsets are added to these voltages. 
10 It should be noted that the above description assumes that the OLED 

drive transistor N2 is operated in saturation. Similair compensation 
methods can be used, if N2 is operated in the linear region. In that case, the 
pixel's cuirrent voltage characteristic is expressed as: 

15 V^^V^^aOl^iyfl (11) 

where C(I) is a weak function of I. Again, the term can be incorporated 
in if the current is sufficiently high, such that only an offset term and a 
gain factor need to be determined as discussed above. -However, the one- 
20 parameter approximation, where only the offset voltage is regarded as 

nonimiform, is not anticipated to be as accurate as the above one-parameter 
approximation for the saturation case, because now the gain factor CCD 
contains the nonuniform OLED parameters A and m. Thus, the two- 
parameter correction method will likely perform significantly better than 
25 the one-parameter correction method, if N2 is operated in the linear region. 
FIG. 23 illustrates a block diagram of a system 2300 employing a 
display 2320 having a plurality of active matrix LED pixel structures 300, 
500, or 700 of the present invention. The system 2300 comprises a display 
controller 2310 and a display 2320. 

More specifically, the display controller can be implemented as a 
general purpose computer having a central processing unit CPU 2312, a 
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memory 2314 and a plurality of I/O devices 2316 (e.g., a mouse, a keyboard, 
storage devices, e.g., magnetic and optical drives, a modem, A/D converter, 
various modxiles, e.g., measurement module 1330 as discussed above, and 
the like). Software instructions (e.g., the various methods described above) 
for activating the display 2320 can be loaded, e.g., from a storage medium, 
into the memory 2314 and executed by the CPU 23 12, As such, the software 
instructions of the present invention can be stored on a computer-readable 
medium. 

The display 2320 comprises a pixel interface 2322 and a plurality of 
pixels (pixel structures 300, 500, or 700). The pixel interface 2322 contains 
the necessary circuitry to drive the pixels 300, 500, or 700. For example, the 
pixel interface 2322 can be a matrix addressing interface as illustrated in 
FIG. 1 and may optionally include additional signal/control lines as 
discussed above. 

Thus, the s5rstem 2300 caji be implemented as a laptop computer. 
Alternatively, the display controller 2310 can be implemented in other 
manners such as a microcontroller or application specific integrated circuit 
(ASIC) or a combination of hardware and software instructions. In sum, the 
system 2300 can be implemented within a larger system that incorporates a 
display of the present invention. 

Although the present invention is described using NMOS transistors, 
it should be understood that the present invention can be implemented 
using PMOS transistors, where the relevant voltages are reversed. 

Although various embodiments which incorporate the teachings of 
the present invention have been shown amd described in detail herein, those 
skilled in the art can readily devise many other varied embodiments that 
still incorporate these teachings. 
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What is claimed is: 

1. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source ajid a drain, where sedd gate 
5 is for coupling to a first select line; 

a capacitor having a first and second terminsds, where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate, a source and a drain, where said 
drain of said first transistor is coupled to said drain of said second 
10 transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a source and a drain, where said 
source of said third transistor is coupled to said draiin of said second 
transistor, where said gate of said third transistor is for coupling to a second 
15 select line; 

a fourth transistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said source of said second 
transistor, where said gate of said fourth transistor is coupled to said source 
of said first transistor; 
20 a fifth transistor having a gate, a source and a drain, where said 

drain of said fifth transistor is coupled to said drain of said third transistor, 
where said gate of said fifth transistor is coupled to said source of said first 
transistor; and 

a Ught element having two terminals, where said source of said 
25 fourth transistor and said sovirce of said fifth transistor are coupled to one of 
said terminal of said light element. 

2. The display of claim L, wherein said light element is an organic hght 
emitting diode (OLED). 

30 

3. The display of claim 1, wherein said transistors are thin film 
transistors constructed from amorphous-silicon. 
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4. The display of claim 1, wherein said second select line is an autozero 
line from a previous row. 

5 5. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a select line; . . 

a capacitor having a first and second terminals^ where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 
10 a second transistor having a gate, a source and a drain, where said 

drain of said first transistor is coupled to said drain of sadd second 
transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a diode having a first and second terminals, where said source of said 
15 second transistor is coupled to said first terminad of said diode, where said 
second terminal of said diode is for coupling to an illuminate line; 

a third transistor having a gate, a source and a drain, where said 
drain of said third transistor is coupled to said first terminal of said diode, 
where sadd gate of said third transistor is coupled to said source of said first 
20 transistor; and 

a light element having two terminals, where said soxirce of said third 
transistor is coupled to one of said terminal of said Hght element. 

6. The display of claim 5, wherein said diode is a Schottky diode. 

25 

7. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 
30 said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate^ a source and a drain, where said 
source of said first transistor is coupled to said source of said second 
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transistor. where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a source and a drain, where said 
source of said third transistor is coupled to said drain of said second 
5 transistor, where said gate of said third transistor is for coupling to a second 
select line; 

a fourth transistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said source of said third 
transistor, where said gate of said fourth transistor is coupled to said source 
10 of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 
drain of said fifth transistor is coupled to said drain of said third transistor, 
where said gate of said fifth transistor is coupled to said source of ssdd first 
transistor; amd 

15 a light element having two terminals, where said source of said 

fourth transistor and said source of said fifth transistor are coupled to one of 
said terminal of said light element. 

8. The display of claim 7, wherein said light element is an organic light 
20 emitting diode (OLED). 

9. The display of claim 7, wherein said second select line is an autozero 
line firom a previous row. 

25 10. A display comprising: 

at least one autozeroing pixel structure; 

an autozero line, coupled to said autozeroing pixel structure, for 
allowing said autozeroing pixel structure to perform autozeroing; and 

a second line, coupled to sedd autozeroing pixel structure, for carrjdng 
30 a voltage to said autozeroing pixel structure that permits a range of 
autozero voltages to be extended. 
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11. A method of iliuminating a display having at least one pLxel, where 
said pixel contains a circuit for controlUng application of energy to a light 
element, said method comprising the steps of: 

(a) autozeroing the pixel; 
5 (b) loading data onto said pixel via a data line; and 

(c) illuminating said Ught element in accordance with said stored 

data. 

12. The method of claim 11. further comprising the step of: 

10 (a') pre^harging said pixel prior to said autozeroing step (a). 

13. The method of claim 11. wherein said autozeroing step (a) comprises 
the step of applying a reference black level. 

15 14. A method ofiUuminating a display having at least one pixel, said 

method comprising the steps of: 

(a) measxaring a pixel parameter of said pixel; 

(b) aditisting an input pixel data in accordance with said measured 

pixel parameter; and 
20 (0 illuminating said pixel in accordance with said adjusted input 

pixel data^ 

15. The method of claim 14, wherein said measuring step (a) measures 
externally a current drawn by said pixel. 

25 

16. . The method of claim 15. wherein said adjusting step (b) adjusts said 
pixel data by using said measured pixel parameter to determine a voltage 
offset (V^^) parameter. 

30 17. The method of claim 16. wherein said adjusting step (b) further 
adjusts said pixel data by using said measured pixel parameter to 
determine a gain factor (C) parameter. 
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18. A system comprising: 

a display controller; and 

a display, coupled to said display controller, where said display 
comprises a plurality of pixels, where each pixel comprises: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate, a source and a drain, where said 
source of said first transistor is coupled to said source of said second 
transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a source and a drain, where said 
source of said third transistor is coupled to said drain of said second 
transistor, where said gate of said third transistor is for coupling to a second 
select line; 

a fourth transistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said source of said third 
transistor, where said gate of said fourth transistor is coupled to said source 
of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 
drain of said fifth transistor is coupled to said drain of said third transistor, 
where said gate of said fifth transistor is coupled to said source of said first 
transistor; and 

a Hght element having two terminals, where said source of said 
fourth transistor and said source of said fifth transistor are coupled to one of 
said terminal of said light element. 



19. A system comprising: 
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a display controller having a measurement module for measuring a 
pixel parameter of a pixel and a storage for storing said measured pixel 
parameter; and 

a display, coupled to said display controller, for displaying an input 
5 pixel data that is adjusted in accordance with said stored pixel parameter. 

20- The system of claim 19, wherein said measurement module comprises 
a current sensing circuit for measuring a current drawn by said pixeL 
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Abstract of the Disclosure 
LED pixel structures and methcxls that improve brightness 
uniformity by reducing current nonuniformities in a light-emitting diode of 
the pixel structures are disclosed. 



